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Little is known about the influence the physical environment may 
have on the way a manager goes about making decisions. This work con-
siders one element of the environment, lighting, and attempts to est~ 
lish a relationship between that element and the decision strategy a 
manager may select. 
From a review of the literature on the effects of light on man and 
from the field of decision making, a model is posited suggesting that 
the luminous environment affects decision making. Since others have 
established that mood influences how decisions are made, and since it 
is suggested in the literature that lighting affects mood, the light-
ing/mood link was selected as the focus of the investigation. This 
was done in two phases. The first phase sought to clarify some of the 
relationships between the luminous environment and positive affective 
state. The second phase was intended to determine if the mood changes 
elicited by lighting were sufficient to cause detectable differences in 
decision strategy. 
The first phase produced the seminal result that women respond 
differently from men as regards the effect of lighting on good mood. 
Women's shifts in the "positive affect" score on the Multiple Affect 
Adjective Check List were strongly negative in a "bright" condition. 
Men tended to shift toward enhanced good mood under the "bright" con-
dition whereas a "dim" environment had a detrimental effect on good 
rrood. In the second phase of the work, these results were replicated, 




Scientific investigation is only possible in an orderly universe. 
In a capricious setting where every once in a while, for no particular 
reason, an object when released falls up, the replicability necessary 
for research would vanish. In the extreme orderliness and consistency 
found in everything from molecular structure to human decision 
behavior, I see evidence for a cosmos created with a purpose by a 
supreme intelligence. Just as water cannot rise above its own level, 
the impersonal plus time plus chance could not result in order and 
personality as we observe it in our world. 
All of this leads to what I feel is the inescapable conclusion 
that the infinite/personal God who has revealed Himself through Jesus 
Christ is real and has created a real, ordered, personal universe. 
Since the Creator knows what is best for His creation, I have decided 
to corrrnit my life to trying to follow His will for me. All that I do, 
including this document and the work it represents, is done in response 
to His love and as an attempt to follow Him. Though insignificant 
indeed, whatever honors, whatever recognition, whatever praise result 
from my work, I dedicate it all to the glory of God and the advancement 
of His kingdom, for it is by His power and providence alone that this 
work was able to be completed. 
Has there ever been a dissertation in which the author didn't 
thank his advisor and committee? The reason for that became clear to 
me over the course of this project. It is not in a perfunctory manner, 
therefore, but with heartfelt thanks that I express my gratitude to Dr. 
Raymond Kluczny whose insights, unflagging enthusiasm, continual 
encouragement, and outrageous humor, enabled me to press on to 
iv 
completion. Thanks also to Dr. Henry Metzner for never allowing me to 
get sloppy or lazy. 
My wife Beth is the true heroine of the story for putting up with 
my sometimes irascible, sometimes irrational behavior. In addition, 
she supplied more than a few excellent ideas that improved the work 
irrmeasurably. Thanks Oehny. 
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I. INTRODUCTION 
Management is decision making. Lease/purchase, hire/fire, make/ 
buy, go/no go, do it yourself/delegate, or even deciding to make no 
decision at this time, the manager's daily routine is replete with 
choices to be made. In fact the sole function of a manager has been 
discussed in terms of the sequence of decisions he faces (Mintzberg 
1980, Collins and Moore 1970, Cyert and March 1963, March and Simon 
1958). Therefore, research into factors which influence the kind and 
quality of decisions made by managers is vital to the advancement of 
the profession. 
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One factor (or set of factors) known to affect man's behavior (and 
thus the decisions he makes) is the physical environment in which he is 
placed. Though lighting is a key element of that physical environment, 
the effect of his luminous surroundings on a manager's decision making 
has received little academic attention. This dearth of information, 
coupled with the author's prior study and interest in illuminating 
engineering makes the effect of the luminous environment on managerial 
decision making a natural topic for investigation. 
The luminous environment comprises everything within a given set-
ting which effects the radiation, transmission, reflection, and absorp-
tion of electromagnetic energy of wavelength in the range of roughly 
100 to 1,000,000 nanometers. This includes ultraviolet, visible, and 
infrared radiation (Helms 1980). In the interest of brevity, all such 
electromagnetic radiation will hereinafter be referred to using the 
imprecise tenn "light" except where such usage would cause ambiguities. 
In the literature review section of the current work it is seen that a 
myriad of effBCts of light on man have been identified, both visual and 
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non-visual. Though quality research continues to contribute to a high 
level of understanding of the visual effects of light, practical appli-
cations of such knowledge have met with limited success. These appli-
cations include the criteria established by the various national illum-
inating engineering societies (e.g. Illuminating Engineering Society of 
North America, Kaufman 1980) for the specification of quantity and 
quality of light in the design of luminous environments. Even more 
rare, however, is the successful practical usage of what is known about 
non-visual effects of light. 
At least part of the cause of this "application gap" as Kt.iller 
calls it (Kt.iller 1981) is that to date, researchers have attempted to 
disaggregate to the greatest extent possible both that aspect of the 
luminous environment used as the stimulus as well as the specific 
response being observed (e.g. the effect of pink light on the weight of 
adrenal glands of mice, Saltareli and Coppola 1979). SUch work was 
necessary to provide a solid theoretical foundation on which to base 
studies such as the current one which aggregates across all aspects of 
real-world luminous environments and across all the human factors which 
bear on the decision making process. Research of this type should pro-
duce results which are much more ripe for practical application and 
thus help bridge the application gap. 
The potential exists for the results of studies of this nature to 
be beneficial to several groups of people. The engineer designing 
illumination systems will have new information on which to base equip-
ment selection. Allied with him is another professional, the facil-
ities manager, who will be better equipped to make choices that have 
impact on the effectiveness of those working within the spaces he man-
ages. To managers in general, knowledge of the results of studies such 
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as the current one will yield the ability to make better decisions. 
This will be possible in two ways. The manager will be able to make 
improvements in his visual environment or, if this is impractical, he 
will have the option of making compensations in the decisions he 
reaches for the effects "adverse" lighting conditions have had on those 
decisions. For example, if a manager is forced to operate in a visual 
environment which has been shown to skew judgments toward riskier 
choices, he may wish to adjust his decision to be more conservative. 
It is in the hope of beginning a process that will benefit these groups 
of people that this project draws significance. 
II. LITERATURE REVIEW 
A. INTRODUCTION 
"And God said, 'Let there be light,' and there was light." With 
these words light was created on the first day of the Genesis 
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account of creation. That light was given fonn as the sun on the 
fourth day; man does not appear until the sixth day. Man, then, was 
designed to live and function properly under the pre-existing natural 
sunlight with its specific and relatively constant characteristics 
(Thorington et al 1971) such as its spectral power distribution, inten-
sity, and daily and yearly cycles. It was not until the 19th century 
that man discovered the means by which to substantially alter his lum-
inous environment: the incandescent lamp. Since this light source has 
a spectral power distribution not unlike that of the sun (except for 
its lack of ultraviolet emission) its deleterious effects on man, if 
any, were limited to those associated with changing his daily rhythms 
(Birren 1969). In contrast, the fluorescent and high intensity dis-
charge light sources with which 20th century man illuminates the places 
he works, plays, shops, eats, and even sleeps, vary drastically from 
sunlight in spectral power distribution and in the addition of the 
stroboscopic effect caused by alternating current (Murdoch 1985). 
The effects of this new dependence on artificial light (and indeed 
the effects of light on man in general) have been shown by researchers 
to be numerous and diverse. The purpose of this section is to iden-
tify, through a review of the literature, those ways in which light has 
been shown to affect man. The motivation for this is twofold. 1) The 
quantity and diversity of the effects identified suggest that most 
facets of man's existence are influenced by light, lending strong 
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support to the notion that decision making is not likely to be exempt 
from such influence. 2) From this literature review, specific factors 
are extracted upon which to build a model of the process through which 
the luminous environment may affect the decision making process. 
Subsequent to that discussion, pertinent aspects of literature related 
to decision strategy are reviewed. The model is then developed in sec-
tion II. 
B. HUMAN RESPONSES TO LIGHT 
The effects of light on man can be divided into two categories: 
direct and indirect (WUrtman 1970). Direct effects involve responses 
of the skin and subcutaneous tissue, the most familiar of which is 
erythemal reddening or sunburn. Indirect effects are those involving 
the retina of the eye, the obvious example being vision. Although the 
lists of both types of effects are long, designers of luminous environ-
ments have traditionally concerned themselves only with visual 
responses to light. Thus the illuminating engineering literature is 
rife with works concerning quality and quantity of light: measurement, 
specification, and optimization for a given visual task. The rapid 
expansion over the past 25 years of knowledge about non-visual and 
direct effects of light (Kliller 1981) makes it likely that behavioral 
responses exist which the lighting designer should consider. 
1. Direct Effects A direct effect of light is said to have 
occurred when a chemical change is observed in tissue which has 
absorbed light energy (WUrtman 1975a). SUch effects have been iden-
tified over a wide range of wavelengths of impinging radiation. This 
suggests a natural classification of these effects into those due to 
long wavelength radiation (infrared), those due to medium wavelength 
radiation (visible light), and those due to short wavelength radiation 
(ultraviolet). 
a. Infrared Radiation in the range of 700 nm to 1,000,000 nrn is 
known as infrared. Not visible to the human eye, its main effects on 
man are mediated by its transformation into heat energy upon striking 
the skin. Most modern illuminants radiate very little energy in the 
form of infrared with the notable exception of the incandescent lamp 
which produces nearly 90% of its radiation in this range. 
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Infrared radiation has been shown to influence human metabolism 
and blood circulation. When infrared is transfonned into heat upon 
striking the skin, the local blood vessels dilate and the sweat glands 
are activated. It is proposed that a neural mechanism in addition to 
this thermal one is also involved in the regulation of body temperature 
(Bullard et al 1970). 
Body tanperature in tum affects a wide variety of both mental and 
physical ht.nnan perfonoance factors. For example, under cold te:nper-
ature humans experience a marked decline in their ability to perfonn a 
task whose key component is visual (Teicher and Kobrick 1954). Although 
infrared radiation is far from the only factor influencing body temper-
ature, it is convenient at this point to discuss various interactions 
among light, heat, and human behavior and physiology. 
In a study using two levels of ambient room tanperature, three 
levels of illuminance, and two contrasts, LOfberg and associates found 
a distinct interaction among the three sets of variables. Under normal 
ambient temperatures, higher illuminance aided in the performances of 
the more difficult visual task. However. under moderate heat stress, 
high levels of illuminance negatively affected performance of the 
easier task (LOfberg et al 1975) . 
Nelson and associates recently performed research which indicates 
interactions between ambient temperature and illuminance similar to 
those found by LOfberg (Nelson et al 1984). In that study, temper-
ature, illuminance and apparent time were the independent variables 
used to investigate sedentary work fatigue. Subjects were asked to 
write as many short stories as possible under various combinations of 
room temperature, illuminance, and clock speed (faster than normal, 
slower than normal, or accurate). The results indicated that mood is 
poorer under cool-bright and warm-dim configurations, productivity is 
greater in the cool environments, and that females respond better to a 
higher illuminance level. It is important that the Nelson measure of 
productivity (in terms of quantity of work produced) be distinguished 
from the LOfberg measure of visual performance. 
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Kearney has identified a relationship between ambient temperature 
and color preference (Kearney 1966) . When subjected to a combination 
of one of three temperature levels and one of three levels of bright-
ness, volunteers' color preferences were positively correlated with 
wavelength under cool temperatures and negatively correlated under warm 
temperatures. In other words when subjects were cool, reds and oranges 
were preferred, and when wann, blues were preferred. Greene and Bell 
showed, however, that this phenomenon could not be "turned around", 
i.e. that placing people in colored environments does not affect their 
subjective impression of ambient temperature (Green and Bell 1980). 
Thus it is not possible, as had been hoped for cold climates, to paint 
walls red, lower the thermostat, and still maintain subjective thermal 
comfort while saving heating energy. 
b. Visible Light Electromagnetic radiation in the range of 380 
nm to 780 nm evokes a response in the human visual system and is 
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therefore referred to as visible light (Helms 1980). Visible light 
penetrates tissue better than many other forms of radiation and so it 
is not surprising to find direct effects attributable to light in this 
range of wavelengths, though most effects of visible light are mediated 
by the retina and thus are discussed below under indirect effects. 
As discussed by wurtman, one direct effect of visible light is the 
destruction of bilirubin, the yellow compound resulting from the 
degradation of hemoglobin released when red blood cells die. The liver 
of premature infants frequently is not developed enough to remove this 
toxic substance. If the bilirubin level reaches excessive concentra-
tion (hyperbilirubinemia), brain damage, retardation, and even death 
may result. Though the mechanics are not completely understood, effec-
tive treatment today for hyperbilirubinemia consists of simple exposure 
to visible light (wurtman 1975b). 
Another fascinating concept which, if true, would indicate a 
direct effect of visible light is the so called "derma-optic" sense. 
The original work was performed in the Soviet Union and was based on 
the reputed ability of a subject named Rosa Kuleshova to distinguish 
between colors simply by touching them with her fingers (Ivanov 1964). 
The phenomenon has also been reported in this country, though its exis-
tence is hotly disputed by many reputable researchers (Gardner 1966). 
Feher and associates also investigated the effects of various 
colors of light on nude subjects whose vision had been occluded (Feher 
et al 1976). After three to five minutes of exposure, wavelength 
dependent variations in pulse rate were detected. In some cases 
changes in blood pressure and body temperature were also noted. 
c. Ultraviolet The direct effects on man of radiation in the 
range of roughly 100 nm to 400 nm are many. Ultraviolet radiation can 
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cause reddening of the skin (erythema) and conjunctivitis (inflammation 
of the conjunctiva of the eye). It is responsible for a pigmenting 
effect on the skin and exposure over many years contributes to skin 
cancer in susceptible individuals. Changes in pulse rate, blood 
pressure, metabolism, and skin temperature have also been attributed to 
ultraviolet irradiation (KUller 1981). However, the formation of vita-
min D is among the most important effects of ultraviolet radiation on 
man. 
Rickets and softening or brittleness of the bones in the elderly 
are due to vitamin D insufficiencies which can be prevented or cured by 
exposure to small quantities of ultraviolet radiation (Neer et al 
1971). Thought to be related to this vitamin D deficiency is the rela-
tionship between dental caries and ultraviolet light. Sharon and 
associates reported one fifth as many dental caries in hamsters exposed 
to fluorescent lighting enriched with ultraviolet radiation as were 
found in hamsters exposed to conventional fluorescent light (Sharon et 
al 1971). Mayron and associates found a similar dental benefit of 
ultraviolet light in school children (Mayron et al 1975). 
Some research indicates possible general physiological reactions 
to ultraviolet radiation. A study of school children in the Soviet 
Union, for example, showed several benefits of ultraviolet irradiation 
(which is prescribed by law for classrooms in that country). Children 
exposed to sub-erythemal doses of ultraviolet radiation where found to 
respond more rapidly to light and sound, fatigue less easily, have 
improved working capacity, and exhibit greater academic achievement 
(Zamkova and Krivitskaya 1966). The germicidal effect of ultraviolet 
radiation is well known and exposure to ultraviolet has been implicated 
in improving overall health and in increasing resistance to infection 
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(Kliller 1981) . 
2. Indirect Effects Wurtman describes an indirect response of 
tissue to light as resulting from neural or hormonal signals, not 
through direct absorption of light into the tissue itself (WUrtrnan 
1975b). These signals result when photoreceptive cells in the retina 
transduce incident light energy into impulses carried to the tissue via 
neural, or a combination of neural and endocrine pathways. Obviously 
this describes the process of vision, however, non-visual indirect 
effects are at least as frequent and will be considered here first. 
a. Nonvisual An example of a study demonstrating the existence 
of non-visual indirect effects is cited by Thorington and his col-
leagues. It involved raising rats under various luminous environments 
and noting the effects on organ development (Thorington et al 1971). 
That the observed strong variations across lighting treatments are 
mediated by the retina (as opposed to being a direct effect of light 
absorbed through the skin) can be demonstrated by removing the eyes of 
the rats, in which case no effect is observed. Recent studies confirm 
such responses in rats (Ozaki and Wurtman 1979) • 
Hyperactivity in children is believed by some to be indirectly 
affected by light. Mayron and associates undertook a series of inves-
tigations concerning the differential effects of standard fluorescent 
illumination versus full spectrum (i.e. with ultraviolet added) fluor-
escent lighting with radiation shielding (Mayron et al 1974, 1976). 
The two test conditions were each applied to two classrooms of elemen-
tary school children and the students were observed for hyperactive 
behavior. The researchers claim a high level of statistical signifi-
cance in the decrease of hyperactive behavior under the "daylight simu-
lating" conditions. Though the methods used were much less scientific, 
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Painter reports similar benefits of incandescent over standard fluor-
escent lighting in a classroom study of autistic and emotionally dis-
turbed children, many of whom had been diagnosed as hyperactive 
(Painter 1976). However, O'Leary and his colleagues (working in 
association with General Electric) were unable to duplicate these re-
sults and criticized several aspects of the Mayron study (O'Leary et al 
1978). In related events, a manufacturer of "full-spectrum" lamps has 
recently been disciplined by the Federal Trade Commission for making 
exaggerated and unsupported advertising claims about their benefits. 
Though Mayron successfully rebutted same of the complaints of the 
O'Leary group (Mayron 1978), more work in this area is necessary before 
fluorescent lighting can be definitively labeled as a cause of hyper-
activity. 
Since stress is a known cause of hyperactivity, related findings 
on the subject of "light stress" might help solve the question of 
whether or not fluorescent lighting contributes to hyperactivity. A 
group of researchers led by Hollwich has detennined. that an increase in 
illuminance level under fluorescent light is accompanied by an increase 
in hormone production in humans - especially of the stress hormone 
cortisol (Hollwich et al 1977). Their study of blind people showed 
that this response involves the visual pathway, and thus may be appro-
priately classified as an indirect effect of light. Since it shows 
that fluorescent lighting affects hormonal balance, this work tends to 
support Mayron's beliefs. 
Production of other hormones has been shown to be modified by 
light, especially light/dark cycles. WUrtman found that the amount of 
melatonin humans produce varies through a 24 hour cycle and he links 
this to normal daily patterns of exposure and deprivation of light 
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(WUrtman 1975b). Melatonin is a hormone secreted by the pineal organ 
which affects sleep, ovulation, and the secretion of other hormones. 
Recent work with rats supports the hypothesis that light has an effect 
on hormone production (Alonso et al 1980, Lynch et al 1981, Gibson et 
al 1983, Rivest and WUrtman 1983) . 
Luminance patterns have been shown by Matulionis to affect several 
physiologic events (Matulionis 1978). He placed subjects in a small 
room having one of six different configurations of black, white, or 
gray vertical surfaces and workplane. For example, in one configura-
tion the left wall and the left half of the front wall were black, the 
rest of the vertical surfaces white, and the workplane gray. Two 
visual tasks (drawing a row of squares and reproducing a triangle 
viewed for ten seconds) were performed while measurements were made on 
two polygraphs. The subjects were also filmed by two video cameras. 
Significant differences in several variables were found at the . 05 
level in response to the different luminous environments. These 
included the average area and distortion of the squares drawn, the 
average area of the triangles, the direction of the size shift between 
drawn and model triangles, the number of postural shifts, heart and 
respiration rate, and right trapezius and right sternocleidomastoid 
muscle activity. The most significant differences occurred under the 
two split field conditions (half of the roam black, half of the room 
white). 
Another family of indirect effects of light concerns flicker. 
Modern gaseous discharge light sources have the common characteristic 
that they flicker, or turn off and on, twice during each period of the 
alternating current which supplies them, thus 120 times per second in 
this country. The human visual system reads as continuous, or "fuses" 
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flicker at a frequency of roughly 50 hertz. However flicker, even at 
supra-fusion levels, does affect the human nervous system according to 
Rey and Rey who studied this phenomenon (Rey and Rey 1963). SUbjects 
were presented with a visual task consisting of strings of random 
letters typed on a page and were instructed to cross off certain 
letters according to a prescribed set of complicated rules (e.g. cross 
off all consonants located within one letter from a Z). Performance 
scores and three fatigue tests were compared in an experimental design 
which crossed two illuminance levels (50 and 1000 lux or roughly 5 and 
100 footcandles) with lighting types. The two illuminants used were 
both fluorescent lamps but one was driven at 100,000 hertz (i.e. 
flicker-free) whereas the other was operated at the European standard 
50 hertz. The three tests of fatigue were flicker fusion frequency 
(comparing before and after the visual task the specific frequency of 
flicker at which a subject's visual system fused the flickering light 
to continuous) , response time to a visual stimulus, and the regularity 
(again both before and after performing the visual task) with which the 
subject could tap out sixty beats of one second each on a morse key. 
No significant effect was measured on the illuminance level variable, 
but subject's fatigue as measured by each of the three tests was 
adversely affected by the 50 hertz source as compared to the 100,000 
hertz source (P<.05). In other words, working under "flickering" was 
associated with greater fatigue, a finding supported by Hopkinson and 
Collins and numerous studies which they cite (Hopkinson and Collins 
1970). 
Fatigue has also been studied in relationship to another aspect of 
artificial lighting: spectral power distribution. The Center for 
Improvement of Undergraduate Education at Cornell University undertook 
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research in this area (Maas et al 1974, Kleiber, 1974). Students were 
observed studying under full spectrum fluorescent light and under 
regular cool white fluorescent light. Though no significant differ-
ences in self-reported states of fatigue were discernible, objective 
measures indicated that the subjects had less perceptual fatigue and 
better visual acuity under the daylight simulating condition than under 
cool white fluorescent. 
Stone and associates investigated several of the non-visual indi-
rect effects examined thus far (Stone et al 1974). Their sole experi-
mental variable was the level of illuminance, or quantity of visible 
radiant energy reaching the workplane. On one occasion, 1000 lux of 
diffuse fluorescent light was used; on another occasion, 11,000 lux 
(approximately 100 and 1100 footcandles respectively). The exposure 
was for four hours in each case. The most striking finding was that 
pulse rate increased as soon as the higher illuminance was turned on 
and continued until it was extinguished. The higher level was also 
associated with increased sense of fatigue, decreased social affection, 
and reduced thermal comfort. The researchers take the point of view 
that these results can be explained, as has been discussed here, in 
terms of a neuroendocrine model involving the retinal-pineal pathway. 
This does not adequately explain, however, why such results should hold 
under levels of illuminance less than or equal to those commonly 
encountered outdoors. The theory that psychological factors may also 
be at work is discussed below. 
The color of light impinging on the retina has been shown to 
influence electroencephalogram readings, time estimation, reaction 
time, galvanic skin response, posture, and other physiological quanti-
ties (!(tiller 1981}. Goldstein found, in a study of subjects afflicted 
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with Parkinson's disease, that the color red worsens the condition 
whereas green improves it (Goldstein 1942). He also reports that if a 
person holds his arms straight out in front of him, making no conscious 
effort to correct arm position, the anns will tend to move away from 
the center of the body under red light and will tend to move toward the 
center of the body under green light. Birren extends this idea with his 
concept of the centrifugal action of long wavelength light and the 
centripetal action of shorter wavelengths (Birren 1969). He claims 
that light toward the red end of the spectrum causes extroverted 
behavior, an outward orientation. The color blue on the other hand is 
said to direct attention away from the environment and toward the 
organism, the person is better able to concentrate on mental tasks. 
The existence of these physiological responses to colored light, in 
part, prompted Stark and collaborators to investigate same behavioral 
effects of subjects exposed to red or blue light (Stark et al 1982). 
They claim a direct relationship between color stimulation and central 
nervous system activity but state that the exact functioning of this 
response is not understood. The Stark study may have special bearing 
on the current work since it involved the effect of light on a complex 
behavioral phenomenon, gambling, the risk element of which can be 
related to risk assessment (conscious or unconscious) in managerial 
decision making. 
Stark and colleagues observed 28 male or female college-age vol-
unteers as they gambled under either red or blue light in a card game 
in which the odds were known in advance to the experimenters but not to 
the players. They claim that long wavelengths, such as red, are asso-
ciated with increased frequency and intensity of responses, in short 
more arousing, as compared with shorter wavelengths such as green or 
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blue. This led to the hypothesis that subjects in the red environment 
would bet more frequently, at higher stakes, and under greater risk 
than those subjected to the blue condition. Significant results in 
support of this hypothesis were found with P<.01 for each of betting 
frequency, amount gambled, and risk incurred. Also noted were trial x 
odds x color interactions on both the size and quantity of bets (again 
P<. 01) • This indicated that subjects gambled more money, more often, 
and took greater risks as the experiment progressed, and that this 
phenomenon was more markedly observed under the red condition. 
Stark and associates apparently find neurological explanations too 
limiting for the consideration of complex behavior as they discuss 
their findings in psychoanalytical terms. At this point, then, it may 
be useful to discuss KUller's concept of light as signal versus light 
as symbol (KUller 1981). The reticular formation is that portion of 
the brain stem that activates the nervous system and regulates arousal. 
All nerve impulses which reach the brain's higher centers (e.g. visual 
impulses) first activate the reticular formation. This is known as the 
ascending reticular activation system or ARAS. The arousal caused by a 
visual impulse via the PP.J:>.S can be thought of as a reaction to "light 
as signal" since such impulses have not yet been "processed" by the 
brain's higher centers. 
Many of the effects of light on man cannot be explained in this 
way, though. The entrance into the visual field of a stop sign several 
blocks away would not cause any detectable change in the amount of 
radiation reaching the retina and, therefore, could not activate the 
PRAS. However, after the visual impulse of that red octagon has been 
analyzed on a mental level and is interpreted as meaningful, an impulse 
descends to activate the reticular formation. This is a visual example 
of the functioning of the descending reticular activation system or 
DRAS. Kliller calls this "light as symbol" since it requires inter-
pretation of the visual stimulus. Interpretation can be thought of a 
psychological function affected in part by the individual's past 
cultural, social, and environmental experience. 
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In some of the studies of the effects of light reviewed thus far 
it is difficult to determine if light is acting as a signal or as a 
symbol; if the phenomenon is physiological or psychological. This 
concept was alluded to previously by the author (Belcher 1985). It 
seems reasonable to infer psychological causes in the Stark group study 
of gambling since certain colors are held to adopt symbolic representa-
tion in psychoanalytical theory. But there is nothing to prevent the 
co-existence of physiological causes in such a case. Conversely, as 
was alluded to earlier, there may be a psychological component to some 
studies which have previously been discussed only in physiological 
terms. For example, Stone and colleagues may have observed, not an 
ARAS response to high illuminance levels, but rather a DRAS response 
precipitated by the mind's interpretation that such high illuminance 
levels were inappropriate indoors. 
The literature does include several studies which reveal effects 
of light which seem to be predominantly psychological in nature. The 
amount of noise generated by groups of people under different luminous 
environments was the subject of study by Sanders and his associates 
(Sanders et al 1974). Sound pressure level readings were taken in a 
darkened corridor of a university classroom building. Highly signifi-
cant results (P<.001) indicate that groups of students congregating in 
the hallway made less noise under the low light condition than with 
normal illuminance levels. A possible psychological interpretation is 
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that low light levels are associated with contexts in which quietness 
is considered appropriate behavior, e.g. church, theater, museum, or 
cinema. The authors warn, however, that since the illuminance level 
was lowered by turning off every other luminaire, the variable "low 
illuminance" may have been confounded with "irregular illuminance". If 
this were the case then these results may have to be interpreted more 
from a physiological point of view as were Matulionis' findings cited 
above. Also, since the length of time a person spent in the environ-
ment was not controlled, the effect may, or may not be transitory. 
Page and Moss studied the effects of illuminance levels on aggres-
sion. Their position that darkness acts as a disinhibitor was dis-
cussed in psychological terms and lead to the hypothesis that subjects 
would deliver stronger shocks to victims in a dimly lit setting than in 
a brightly lit setting (Page and Moss 1976). Three possible mechanism 
cited for such disinhibiting were 1) darkness may increase feelings of 
anonymity, 2) people may be conditioned to associate darkness with 
uninhibited behavior (bars, parties, the bedroom, etc.), and 3) dark-
ness isolates an aggressor from his victim. 
Subjects entered either a "bright" or "dim" test environment in 
pairs and were assigned (seemingly at random) to be either the teacher 
or learner in what was presented as an experiment on the effects of 
punishment on learning. Actually, the person chosen as the learner was 
a confederate of the experimenters. The subject was instructed to 
teach the learner pairs of nonsense syllables and, each time a mistake 
was made, to choose an appropriate level of electrical shock which he 
was told would be delivered to the learner as punishment. The learn-
er's face was not visible to the subject and the learner showed no 
reaction regardless of the shock level selected (actually, no shock was 
received) . As predicted, significantly more intense shocks were 
delivered in the dark than in the light environment (P<.05) and thus 
luminance level does seem to affect aggression. 
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Champness and his colleagues reported on several experiments rela-
ting social behavior and the luminous environment (Champness et al 
1978). One experiment observed people's reaction to meetings with two 
strangers under two types of illumination with different spectral 
characteristics. The subjects were asked to choose between the two 
strangers on a variety of scales. Significant effects of lighting were 
found on perception and behavior. The conclusions the authors drew to 
this body of work was that the spectral power distribution of illum-
inants is a better predictor of social effects than some commonly used 
measures. 
Aspinall and Dewar have identified psychological responses to 
varying lighting orientations (Aspinall and Dewar 1980) . Subjects 
viewed people portraying accused people on the witness stand. The 
accused was illuminated by one of several intensities and directions of 
light. After hearing one of three taped excerpts from the court pro-
ceedings (one which tended to indicate the accused's guilt, one which 
implied innocence, and one which was neutral) the subject was asked to 
determine the accused's guilt or innocence. Complex interactions 
between lighting and evidence were found at a statistically significant 
level. For example, under lighting condition two, subjects hearing the 
"innocent" tape tended to find the accused not guilty more often than 
those hearing the "neutral" tape, as expected. But under lighting 
condition three, those hearing the "innocent" story were much more 
likely to find the accused guilty than those subjects hearing the 
"neutral" tape. No single aspect of the lighting measured in the 
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experiment could be isolated as being responsible for this effect. The 
authors conclude that lighting does affect subjective judgments of 
perceived guilt and that those responsible for courtroom lighting 
design should investigate the phenomenon more fully. 
b. Vision SUrely the most corrrnon, most investigated, and best 
understood of the indirect effects of light on man is vision. Tracing 
the four steps of Murdoch's vision model (source, modifier, receiver, 
interpreter) gives a succinct description of vision. A light source, 
such as the sun or any of the many man made illuminants emits radiation 
in varying intensities over a broad range of frequencies. As it 
travels from the source to the receiver (the eye), the light is trans-
formed by the modifiers it encounters such as the media through which 
it travels (air, water vapor, etc.) and objects off of which it 
reflects. Selective absorption occurs when a modifier reflects in 
varying degree same wavelengths of light which strike it and absorbs 
light at other wavelengths. So the light which finally reaches the re-
ceiver has wavelength(s) (and hence color) dependent upon the path it 
traveled to reach the receiver. Light of wavelength between roughly 
370 nm and 770 nm which impinges upon the eye stimulates light sensi-
tive photoreceptor cells of the retina (located on the back surface of 
the interior of the globe of the eye). From the retina, impulses are 
sent to the brain via the optic nerve. The brain acts as interpreter 
and gives meaning to objects thus perceived in the visual field 
(Murdoch 1980). 
The literature on vision is quite extensive. The following does 
not purport to be an exhaustive su.rrroary of that literature, rather the 
intent is to briefly discuss the findings most closely associated with 
the topic of the current work. Much of the work in vision that can be 
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considered of an applied nature concerns whether or not or how well a 
certain object can be seen, and the conditions which cause that visi-
bility. The measure of interest is visual acuity; it is defined as the 
ability of the eye to distinguish detail. Visual acuity is deter.mined 
by at least the four factors of 1) length of time the object is in the 
visual field, 2) the visual angle which an object subtends (size), 3) 
luminance of the object, and 4) contrast between the object and its 
surrounds (Helms 1980) • 
Until recently, vision studies almost always measured perfonnance 
of a simple visual task while varying the four factors above, 
especially luminance and contrast (Weston 1935, Moon and Spencer 1944, 
Blackwell 1959, Blackwell and Smith 1964, Guth and McNelis 1968, 
Blackwell 1969, Guth and McNelis 1969, Blackwell and Smith 1970) • The 
Moon and Spencer article also cites many sirrdlar studies dating back as 
far as 1869. In each of these studies the tasks which subjects per-
formed had been deliberately abstracted and simplified to the point 
where they did not at all resemble tasks which one normally associates 
with vision in daily life. For example, Weston used Landoldt rings, a 
for.m resembling the letter "C"; the observer's task was to detennine 
which direction the gap in the ring was oriented. But this oversimpli-
fication of the task was necessary methodologically in order to isolate 
the desired phenomenon. 
The general results of this line of research indicate that visual 
perfonnance is a monotonically increasing function of each of the four 
factors affecting visual acuity mentioned above. That performance 
improves with increased visual information is expressed simplistically 
in the old illuminating engineering adage "more light, better sight". 
One important finding that this saying fails to point out is that the 
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curve of perfo:r.mance versus visibility has a very pronounced "elbow" -
improvement is great at low levels of visibility but is sharply reduced 
at higher levels (Smith 1976). Therefore the performance gain from 
increasing visibility slightly when visibility is poor is much greater 
than the increase in performance due to that same visibility increase 
at moderate or high levels of visibility. 
More recently, research efforts have been oriented toward the 
relationship between illuminance level and performance of more real-
istic tasks. Lehon studied reading speed and comprehension in children 
(Lehon 1976). He found that performance was higher when the child was 
allowed to select his own illuminance level than when he read under the 
I.E.S. recommended lighting level. Smith considered a task in which 
subjects inserted a probe into the eye of several needles in rapid 
succession (Smith 1976). His findings agreed with earlier work on 
simple tasks, namely that performance improved, although at a reduced 
rate, as illuminance increased. In another work, Smith analyzed pre-
vious data on simple visual tasks and drew conclusions relevant to 
realistic tasks, viz. that there is no "optimum" illuminance level for 
office type tasks (Smith 1978). By this he meant that performance 
continues to increase (albeit at a decreasing rate) with increasing 
luminance. This result was found to hold up to the highest value of 
luminance studied, over 400 footlarnberts, which is an order of magni-
tude greater than values typically encountered in the office environ-
ment. Smith and Rea reached similar conclusions when studying proof-
reading (Smith and Rea 1978), but failed to detect a relationship 
between light level and performance on a reading for meaning test 
(Smith and Rea 1982). Rea has also studied contrast as it relates to 
the performance of realistic tasks (Rea 1981). Again analogous results 
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were noted - perfo:rroance increases with contrast~ but at a decreasing 
rate. 
Attempts to relate improvements in the luminous environment to im-
provements in worker productivity have been plagued with problems 
resulting from the complex nature of these relationships. The classic 
Hawthorne study claimed to show such a relationship, but innumerable 
reviews of the original work indicate that variables had been unwit-
tingly confounded due to poor experimental design (Parsons 1974). 
Jacob, in his report on several studies performed in industrial set-
tings in Germany~ claims that increased productivity definitely results 
from increased illumination and reduced glare (Jacob 1966) . These 
studies lack rigid scientific controls~ however, and in no case was the 
lighting returned to its pre-study condition to investigate if produc-
tivity returned to the lower level. Though more rigorous, the research 
by Barnaby increases only slightly the evidence for the link between 
illuminance level and perfonnance (Barnaby 1980). This is because 
there are significant differences other than illuminance level between 
the test conditions and the environment for which inferences of 
increased perfonnance are made. 
Bitterman makes an important observation on this subject: 
"If, for example, the introduction of new lighting 
fixtures into a factory is followed by an increase in 
production~ the conclusion is drawn that the new light-
ing conditions are more efficient than the old. For 
some reason this conclusion is accepted by many people 
who would reject as beneath consideration the analogous 
proposition that the faster an automobile engine runs 
the more efficient is its performance. Neither in man 
nor machine is it safe to equate efficiency with output· 
increased production cannot be taken to mean increased 
efficiency unless it can be danonstrated that the cost 
of work has not increased proportionately." (Bitterman 
1948, p. 908) 
Partially in an effort to evaluate the psychic costs which may 
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accompany an increase in productivity resulting from "better" lighting, 
Flynn has suggested a methodology for investigations of subjective 
impressions of light (Flynn 1977, Flynn et al 1973). The system uses 
semantic differential rating scales (e.g. good-bad, active-passive, 
pleasant-unpleasant), and multi-dimensional scaling to identify "modes" 
of light (e.g. overhead/peripheral, uniform/nonuniform, bright/dim, and 
warm/cool). Investigators using this type of methodology have 
encountered mixed results. 
Harvey and his associates found that subjective impression varied 
significantly across three types of fluorescent lighting systems (one 
troffer and two indirect systems) but performance of a realistic visual 
task (comparing printed material to information appearing on a computer 
monitor) did not vary significantly among the three systems (Harvey et 
al 1984). Snith and Rea compared fluorescent, metal halide, and high 
pressure sodium sources under different luminance levels (Sni th and Rea 
1979) . They found that both subjective rating and performance were 
unaffected by light source differences. However, lighting level 
affected performance positively (as in prior studies) but had varying 
effects on the subjective scales. Some subjective ratings were asymp-
totic at the highest light levels, some continued to increase with in-
creased luminance, and some ratings reached a maximum and began to 
decline at high light levels. 
3. Discussion It is clear then from this review that light 
affects humans in a multitude of different ways. Most studies have 
concentrated on one single aspect of man's response to light and have 
therefore tended to overlook the possibility that the effects taken as 
a whole may be influential upon man's behavior. In the following, a 
model is developed which suggests just such a relationship, 
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specifically that light affects decision making. 
For the purposes of this model, the various human responses to 
light discussed thus far are grouped into three categories. The first 
category includes mood related effects such as (but not limited to) the 
subjective responses detected through semantic difference scales. The 
second contains the physiological responses, primarily autonomic arous-
al. The third group includes those effects of light related to vision. 
C. AFFECT AND COGNITION 
The mechanism through which the effects of the luminous environ-
ment may be linked to decision making may now be considered. In the 
"Model" section below, a light/affect/decision model is posited. 
Therefore at this point a discussion of the literature concerning 
affect and cognition is in order. 
The notion that mood influences behavior may seem intuitively 
obvious. Much of what is known in this field is recent though, result-
ing from work done by psychologists in the past 15 years. This body of 
research generally conforms with intuitive suspicions, but, in addition 
to such confirmation, it also helps explain why mood and behavior are 
linked. In the literature of this subject, the terms "affect", "mood", 
and "emotional state" have similar, overlapping meanings. Moods are 
generally considered milder than emotions, whereas "affect" or 
"affective state" are terms sometimes used to apply to the whole spec-
trum of feelings. The following discussion deals primarily with mood. 
This is because the effect of light on decision making is assumed to 
transpire via some subtle mechanism (otherwise it would have been iden-
tified long ago) and, as Isen and her colleagues have pointed out, mood 
is the more subtle of the affect phenomena and changes in it can be 
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evoked by simple every day occurrences (!sen et al 1982). As has been 
discussed above, light can be one of those simple mood inducers. 
Affective state dependent memory effects have been demonstrated 
(Bower and Cohen 1982, Leight and Ellis 1981). This body of work indi-
cates that mood acts as both a filter for memory and a facilitator for 
recall. As a filter, affective state causes only material which is 
compatible with that state to be placed in memory. For example, when 
in a good mood one may tend to ignore (filter out) negative comments 
heard in conversation, passing on to memory only complimentary or 
encouraging words. In the facilitating mode, affective state "primes" 
that material in memory which is congruent with that state. For 
example when people in a shopping mall were given a small gift (thus 
evoking a positive affective state) they subsequently rated products 
which they owned as being better than did members of the control group 
when each participated in a contrived product survey (!sen et al 
1978). When in a good mood then, one recalls pleasant or positive 
thoughts more readily than neutral or unpleasant thoughts. In light of 
this active role that affect assumes in cognitive processes such as 
memory and recall, it is not surprising that theories have been 
advanced in which mood affects decision making (!sen et al 1982). 
One such theory is that mood increases memory load and must 
compete with other material (such as decision making strategy) for 
space in working memory. This competition for space implies limited 
cognitive capacity, a subject that has received much attention. Lane 
discusses many studies and models on the topic (Lane 1982) and con-
cludes that, in general, the more capacity required to attain a given 
performance level on a certain task and the more similar a second task 
is to the first, the greater will be the interference of the first on 
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the performance of the second. Important exceptions to this rule have 
been noted. For example, if a person who is walking is asked to per-
form a mental calculation, he will usually stop walking during the 
calculation (Kahneman 1973). In another study (Kahneman et al 1967) 
subjects were presented with four digits interspersed with pauses of 
one second. The subject was asked to respond with the result of the 
simple calculation of adding one to the presented digit. Concurrently, 
letters appeared on a screen at a rate of five per second and the sub-
ject was instructed to indicate each time the letter "k" was observed. 
The greatest frequency of letter detection errors occurred during the 
one second pauses when the subjects were presumably performing the 
calculation. Thus two disparate activities (walking and calculating, 
letter recognition and calculating) apparently may also compete for the 
same processing capacity, hence the precedent for the theory that mood 
and decision making compete for working memory capacity. 
Isen and the University of Maryland group have suggested another 
mechanism through which good mood may interfere with decision making 
(Isen et al 1982). Positive affect may cause people to be more sensi-
tive to cognitive strain, and hence they may try to avoid or simplify 
difficult decisions. One may feel "in too good a mood" for certain 
cognitive activities, particularly those not compatible with a good 
mood ( Isen and Sim:nonds 1978) . 
Regardless of which (if either) of these models accurately ex-
plains the mechanism for the effect of mood on decision making, the 
effect itself has been clearly demonstrated to exist (Isen et al 1982). 
In one study, subjects were asked to decide which of several paper-and-
pencil timer-tape patterns corresponded to a described pattern of 
motion. The paper-and-pencil timer device makes a mark on a paper tape 
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at constant intervals; the other end of the tape is attached to a 
moving object (e.g. a falling weight, etc.). The patterns on the tape 
are, therefore related to the motion of the object in a sort of inverse 
manner, with marks close together corresponding to slow motion and 
widely spaced marks indicating rapid motion. Means had found that 
approximately 40% of subjects tested used an intuitive (and incorrect) 
decision making strategy which equated close together marks with fast 
motion (Means 1980). The Maryland group hypothesized that good mood 
would increase this tendency to simplify the decision making process. 
The hypothesis was confirmed when 72% of the good mood subjects 
responded erroneously. 
Isen's group next looked at whether people in a good mood tended 
to simplify decision making by using heuristics such as the avail-
ability heuristic described by Tversky and Kahneman (Tversky and 
Kahnemen 1973). Using this heuristic, one relies on the ease with 
which information is retrieved from memory as a means of estimating 
frequency of occurrence of events, thus obviating more strenuous cog-
nitive effort. The instrument devised by Tversky and Kahneman for 
testing for the use of this heuristic involves presenting a list of 
people's names orally to subjects. The list would contain a mixture of 
a few well known people of one sex and a larger number of more obscure 
people of the other sex. When subjects are subsequently asked whether 
more women's names or more men's names had been on the list, people 
using the heuristic respond erroneously with the sex with fewer members 
represented since the names of those familiar people were more salient, 
easier to recall. Isen and her colleagues reasoned that when in a 
positive affective state people would use this heuristic to reduce 
cognitive load and that they would use it more frequently than a 
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control group. Using the names of three very famous people of one 
gender and six less famous people of the other, they found results in 
support of this hypothesis. In the control group only 1 in 21 subjects 
responded with the sex of the more famous group while in the good mood 
group, a significant 7 in 20 used the heuristic. 
These two investigations involved quick, simple decisions; the 
third of the Maryland group's studies was more ambitious in that it 
dealt with a complex decision process. SUbjects were given nine 
folders of information, each describing an attribute (such as fuel 
economy, styling, price, etc.) of six fictitious cars from which the 
subject was to select a car to buy. Each car was represented within 
each folder by a separate sheet of color coded paper, thus 54 sheets of 
paper, representing a quantity of information that the researchers felt 
easily exceeded working memory capacity. The information was contrived 
such that if attributes were weighted equally, one would be indifferent 
as to which car to buy. Significant results were found in the direc-
tion predicted by the theory of affective state competing for memory 
capacity. COntrol subjects took significantly longer to reach a 
decision than did subjects in a good mood (an average of 19.58 vs. 
11.14 minutes). This likely indicates that they were using more 
thorough decision strategies than did the positive affect subjects who 
were probably using heuristics to ease cognitive strain. Additionally, 
good mood subjects used less information in arriving at their 
decisions, considering an average of 7.09 dimensions as opposed to 
8.55 dimensions considered by the subjects not in a positive affective 
state. 
The methods used to evoke a positive affective state in the sub-
jects of the preceding studies warrants consideration. Different 
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methods were used in different studies in an effort to insure that good 
mood was indeed the phenomenon being investigated. In one study sub-
jects were provided cookies and punch while those in the control group 
were not. In two studies, positive feedback was used in the form of 
praise for work performed. In one of these two, additional encourage-
ment was given in the form of monetary reward greatly exceeding what 
the subject had expected. Another study involved inducing good mood by 
giving the subject a small gift (a pad of paper or a nail clipper -
retail value 29 cents) which he had not anticipated receiving. The 
important common characteristic among these mood inducers is that they 
are simple and subtle, yet they influence decision making at a measur-
able level. This is important to the current discussion because, 
although the effect of the luminous environment on mood may be subtle, 
it could still be sufficient to affect decision making. 
D. AROUSAL. 
Autonomic arousal is the next link of the model to be discussed. 
Stimulation, such as light, affects people through arousal (Boyce 
1981) • At any given time one is in some state of arousal ranging from 
sleep to the high state of arousal accompanying great excitement, 
tension, or suspense. Various physiological quantities are used as 
metrics of arousal. These include pulse rate, muscle tension, blood 
pressure and galvanic skin response, all quantities which have been 
shown to be influenced by the luminous environment (as noted above). 
Much work has been undertaken to investigate the links between 
arousal and affective state. Weiner gives a succinct review of this 
literature (Weiner 1982). some research had supported the idea that 
arousal caused emotion while other investigations had indicated that 
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the causal chain ran in the other direction; emotion causes arousal. 
The conflicting evidence has caused most psychologists to abandon the 
notion of a causal relationship between the two and assume simply that 
they are correlated. In fact, the affect/arousal dichotomy may be 
simply an artificial contrivance similar to considering a man and a 
woman a couple, a family, or two individuals. Each of the various ways 
of looking at a couple has its advantage and, similarly, maintaining 
the dichotomy between affect and arousal is quite useful in the present 
model. 
For the purposes of this work, the important aspect of arousal is 
its relationship to memory. Clark has proposed and showed evidence to 
support the theory that autonomic arousal cues certain material in 
memory making it more accessible, easier to retrieve (Clark 1982). In 
this theory, since both positive and negative affective state are asso-
ciated with arousal, material committed to memory while experiencing 
either a good or bad mood will be more easily retrieved whenever arous-
al is induced, independent of how it is induced. 
Clark initially supports this hypothesis by reinterpreting the 
results of previous works on arousal. 
from a 1974 work by Dutton and Aron. 
The first study she cites is 
A male subject is approached on a 
bridge by an young, attractive female experimenter. The result was 
that subjects experiencing arousal due to being on a high, shaky bridge 
were more likely to call the female experimenter for a date or use more 
sexual imagery in stories they subsequently wrote than did subjects 
meeting the woman on a low sturdy bridge, and thus not experiencing 
arousal. Dutton and Aron had attributed these findings to the phenom-
enon of missattribution; the subjects mistook arousal (caused by the 
physical danger of the situation) for attraction to the woman 
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experimenter. Under Clark's theory, though, the danger-evoked arousal 
primed positive and negative memories. Where these memories over-
lapped memories brought to mind by the presence of an attractive young 
woman (presumably predominantly positive) the memories were further 
reinforced. Arousal, then, influenced these subject's behavior. 
Clark next cites a 1971 study by Zillmann. Subjects were told 
they were participating in an experiment on the effects of punishment 
on learning. A confederate ostensibly shocks the subject each time he 
disagrees with the subject's response to opinion queries. Actually, 
the confederate shocks the subject 75% of the time regardless of his 
opinions. Next the subject views one of three films: 1) an erotic 
film proven to elicit high arousal, 2) an aggressive film proven to 
evoke moderate arousal, and 3) a documentary proven to elicit low 
arousal. In the final step the subject is asked to shock the confed-
erate each time a mistake is made on a learning test. The subject is 
allowed to choose the intensity of the shock and it is this intensity 
which is taken as the measure of the subject's aggression. Statistic-
ally significant differences in the intensity of shock administered 
were recorded. Aggression was greatest in the group that had viewed 
the high arousal film, intermediate in the group that had seen the 
moderate arousal film, and least in the group that had been shown the 
low arousal film. Zillmann interprets these results as showing that 
arousal intensifies or energizes emotional states. Clark discusses the 
results within the framework of her theory: 
"Again, my position is not inconsistent with his, 
but it is more detailed and distinct in that it expli-
citly assumes that the processes involved are ones about 
which the subject probably had no awareness, and that 
priming of material from memory plays an important role 
in the process. Specifically, the effects Zillmann 
observed may have been due to the sight of the confeder-
ate 'automatically' priming memories of that person's 
obnoxious past behavior, and arousal combining with this 
to prime angry thoughts and a behavioral tendency toward 
aggression." (Clark 1982, p. 275) 
33 
Clark's strongest support for her case is made, however, from the 
results of her direct investigation of the phenomenon. Subjects either 
performed physical exercise or not (to induce arousal), then they were 
either subjected to positive mood induction or not (strong positive 
feedback on a task performed). Finally, subjects were asked questions 
about the quality of the faculty, students, and facilities at their 
university. Blood pressure and pulse were measured to assure that the 
"high arousal" group was indeed more aroused. It was hypothesized that 
the good mood group would more easily recall positive impressions about 
their university (friends, good grades, good teachers, etc.), that this 
recall of positive material would have a positive influence on the rat-
ings these subjects reported, and (most importantly for Clark's theory) 
that arousal would intensify these results. 
These hypotheses were supported. The no feedback subjects rated 
the university about the same regardless of arousal state. The posi-
tive feedback (good mood), low arousal subjects gave ratings slightly 
higher than their no feedback counterparts, and the positive f~ck, 
high arousal subjects rated their school substantially higher than did 
any of the other groups of subjects. Clark states that these results 
are quite consistent with the theory that arousal in the present helps 
to prime material linked with arousal, material that had been stored in 
memory in the past. 
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III. RESEARCH METHODOLOGY 
A. THE MODEL 
The work to date on light, affect, and cognition reviewed herein 
leads to the postulation of the model depicted in Figure 1, represent-
ing a theory of how the luminous environment may affect decision 
making. As has been shown, various components of the luminous environ-
ment (spectral distribution, luminance levels, luminance patterns, 
etc.) have distinct, identifiable, and quantifiable effects on the 
three phenomena shown: autonomic arousal, affective state, and vision. 
Mood and vision compete with decision strategies for working memory 
capacity. If the subject is in a good mood, and/or if the luminous 
environment renders difficult the visual task, selection of a decision 
making strategy that eases cognitive strain (heuristics, satisficing) 
may ensue. Meanwhile, the arousal state (as influenced by the luminous 
environment) causes selected material in memory to be primed. This 
material is then analyzed within the context of the chosen strategy and 
a decision is finally made. If no visual task per se is involved, the 
vision portion of the model is inoperative, but the model remains 
valid. 
It should be noted that unambiguous determination of the effect of 
a particular lighting configuration on the quality or efficiency of 
decisions may not be obtainable from the model for two reasons. First, 
whereas vision and mood tend to be influenced in the same direction by 
a given type of light, the effect of arousal may be in the opposite 
direction. High luminance levels may simplify the cognitive process 













memory capacity. The model predicts that, since neither mood nor 
vision would be competing for working memory, one would then be free to 
select as complex a decision strategy as the decision being made 
required. However, this same high luminance level could evoke arousal, 
causing certain material in memory to be primed. Thus high luminance 
would yield unrestricted strategy but restricted recall (in the sense 
that certain material would be more available). This situation is 
depicted in the upper right cell of Figure 2. A candle-lit table, on 
the other hand, may cause "wann fuzzies" on the mood side while making 
the visual task quite demanding. Both mood and vision would then 
require great cognitive capacity and a simple decision strategy would 
be expected. Under this same low luminance condition, however, arousal 
presumably would be low and all material in memory equally accessible. 
Thus candle light would yield restricted strategy but unrestricted 
recall (lower left cell, Figure 2). 
The second reason for ambiguity about the quality of the decision 
was addressed by Isen and concerns the nature of the decision itself 
(Isen et al 1982). Consider the case in which the luminous environment 
causes vision and/or mood to dominate working memory capacity with the 
resultant simplified decision strategy. This would traditionally be 
classified as "poor" lighting since it renders vision difficult. But if 
the decision context is such that the intuitive or heuristic approach 
would lead to an appropriate decision, then this "poor" luminous envi-
ronment would have a beneficial effect on decision making. This cor-
responds to the lower left cell of Figure 3. Conversely, "good" light-
ing (i.e. enhances visual acuity) can be detrimental when the decision 
task is one for which an intuitive approach would yield good results 
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Figure 2. 
Some possible combinations of affective state and arousal. 















Impact of lighting quality (as traditionally defined) 
on two types of decisions. 
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not taxed by the visual task and one is free to choose a rigorous 
decision strategy. However, a rigorous decision strategy in this 
situation is a waste of effort since a heuristic approach would have 
achieved comparable results. 
B. HYPOTHESES 
It is obvious that the preceding model is specified at a level of 
complexity that would preclude exhaustive investigation within the 
confines of a single research project; the number of elements and com-
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plexity of interactions give rise to too many hypotheses. At the other 
extreme, a single, all-encompassing hypothesis stated in terms such as 
"light affects decision strategy" is too V~9U:e. 't::? ~ testab~~- In order 
to find a "middle ground", the model was distilled to its to key com-
ponents. The investigation of these elements and their interrelation-
ships then became the thrust of the project. 
One component involves the psychologists' findings that positive 
effect can influence decision strategy. The other component is based 
on the idea of light affecting mcX:X:i. Considering both parts together, 
then, it is seen that if light can alter positive affect, it should 
also influence decision strategy. 
When considering the support for these elements in the literature, 
the most ambiguity surrounds the suggest(_ link ~~~~~- .. ~-~~~~-~ 
··--: .. ~,-.., ___ ..__ ___ , . ., .. ,~. " """ ' 
mood. ' It was therefore decided that the first phase·· of the investiga-
'·...,.,.~ ........ - ·-
tion would focus on improving understanding of that relationship. In 
one study it was found that higher illuminance (300 lux) was associated 
with better mood for women but poorer mood for men than was lower 
illuminance (100 lux) (Nelson et al 1984). Results in another project 
led the researchers to state that no strong affective responses to 
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illumination were observed (Giesen and Hendrick 1974). Related work on 
subjective impressions suggests that people are fairly indifferent to 
illuminance levels (100 vs 1000 lux) if lighting is diffuse and uni-
fonn, but prefer non-unifonn luminous environments to unifo:t:m ones 
(Flynn 1977). Drawing from these inconclusive results, the following 
hypotheses were proposed for Phase I: 
H1.1 Men's positive affect is greater under a low level 
of illuminance than under a high level of illum-
inance. 
H1.2 Women's positive affect is greater under a high 
level of illuminance than under a low level of 
illuminance. 
H1. 3 Positive affect is greater under non-unifo:t:m light-
ing than under uniform lighting. 
Of course, these hypotheses are not in the classical fo:t:m suitable 
for testing. The corresponding null hypotheses to be tested are: 
H01.1 Illuminance level does not influence men's 
positive affect. 
H01.2 Illuminance level does not influence women's 
positive affect. 
H01.3 Uniformity of illuminance does not influence 
men's positive affect. 
H01. 4 Uniformity of illuminance does not influence 
women's positive affect. 
Assuming rejection of these null hypotheses, the second phase of 
the work was intended to dete:t:mine if the differential mood effects of 
the luminous environment were strong enough to cause a detectable dif-
ference in decision strategy. As will be seen in Section N, H1. 3 and 
H1.4 were dropped after preliminary tests in the interest of simplify-
ing the process. As will be explained in section V, the time required 
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to make a decision and the amount of information used to make that 
decision are indicators of the decision strategy being imployed. Based 
on this, and the results of Phase one, the following hypotheses were 
studied in Phase II: 
H2.1 Men use simpler decision strategies under high 
illuminance than under low illuminance. 
H2.2 Women use simpler decision strategies under low 
illuminance than under high illuminance. 
With the corresponding null hypotheses: 
H02.1a The speed with which men make decisions is 
uneffected by illuminance level. 
H02.1b The quantity of available information that 
men make use of in reaching a decision is 
uneffected by illuminance level. 
H02.2a The speed with which women make decisions 
is uneffected by illuminance level. 
H02.2b The quantity of available information that 
women make use of in reaching a decision is 
uneffected by illuminance level. 
The first two of these null hypotheses are used to test H2.1. 
Rejection of H02.1a supports H2.1 if the mean difference in decision 
time between the high illuminance condition and the low illuminance 
condition is negative for men. Rejection of H02.1b supports H2.1 if 
the mean difference in quantity of information used is also negative 
for men. 
The second two null hypotheses are used to test H2. 2. Rejection 
of H02. 2a supports H2. 2 if the mean difference in decision time between 
the high illuminance condition and the low illuminance condition is 
positive for women. Rejection of H02. 2b supports H2. 2 if the mean 
difference in quantity of information used is also positive for women. 
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IV. PHASE I 
Hypotheses H1.1 through H1.3 relate affective state to illum-
inance level and unifo:r:mi ty. To test these hypotheses, an experiment 
was devised involving four luminous environments; three environments 
had unifonn lighting at low, medium, and high illuminance levels, and 
one environment was non uniform at the medium illuminance level. 
A. THE EXPERIMENT 
The Bob Foley illumination laboratory at the University of Kansas 
is a classroom-like windowless space with possibilities for various 
switching and dimming configurations of lighting both for the suspended 
acoustical ceiling as well as coves and valances around the perimeter. 
For this study, five zones were created, each of which could be inde-
pendently switched or dinmed (Figure 4). The luminaires in zones I, 
II, and III were 6omm by 12omm recessed fluorescents with acrylic 
prismatic lenses and dimmdng ballasts. In zone IV were bare fluor-
escent strips mounted in a cove and equipped with dimming ballasts. 
Zone V was also a cove configuration, non-dimmable, but switchable to 
obtain multiple light levels. All luminaires were fitted with 4100 
degree Kelvin, "Designer Series" fluorescent lamps. 
The f~ur lighting environments were achieved by switching and/or 
dimming of the five zones (see figure 5). For the configuration A 
(uniform/bright) zones I, II, III, and IV were dimned to approximately 
2/3 output and zone V was switched so as to achieve a uniform appear-
ance and an approximate average illuminance of 2150 lux (measured 
on the workplane). Configuration B (uniform/medium) was achieved by 





























































































































maximum output and again zone V was switched to achieve a uniform 
appearance. The approximate average illuminance was 1075 lux. In a 
similar manner, configuration D (uniform/dim) was created with an 
approximate average illuminance of 108 lux on the workplane. Finally, 
configuration c (non-uniform/medium) was created by turning off zones I 
and II while raising zones III, IV, and V to maximum light output. The 
average illuminance on the workplane was approximately 1075 lux. 
1. Procedure The subjects were 42 male and female students from 
an introduction to architectural engineering course. The subjects were 
assembled in a large classroom and randomly assigned to one of four 
groups. Group assignments were made by having subjects draw a slip of 
paper from a box. on each slip was one of four symbols: square, tri-
angle, dot or bars (coded as sqr, tri, dot and bar, respectively) . 
Symbols were used instead of numbering the groups or assigning letters 
because it was felt that the symbols were more nearly content-free than 
either numbers or letters. Being assigned to group 1, or group A, for 
example, may have caused a systematically different mood response than 
assignment to group 4 or group D. Subjects were indifferent, it was 
assumed, to being assigned to triangle instead of dot, however. J.:ny 
personal preferences for one symbol over another would presumably be 
randomized across subjects. 
The groups were then randomly assigned to one of the four lighting 
configurations and sequentially introduced into the test environment. 
As subjects entered the room they drew a seat number at random from a 
box (to eliminate potential for bias due to self selection of seating 
location) and were asked to take their seat. Seats were numbered in a 
non-sequential manner in the roam so that subjects were required to 
move through and look around the space to find their seat, thus 
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familiarizing themselves with the roam. An additional brief adaptation 
period occurred as the experimenter read instructions and solicited 
consent forms (see Appendix A). SUbjects were informed only that this 
was part of a larger study on decision making; no mention was made of 
the lighting and subjects were presumably naive to that aspect of the 
research. All indications that this was a lighting laboratory (signs .. 
charts, etc. ) had been obscured. 
The primary task presented to the subjects was completion of the 
Multiple Affect Adjective Check List - Revised (MMCL) (Zucke:r:man and 
Lubin 1985). This venerated instrument has been validated over a 
twenty year period and has been cited in over 700 studies (Lubin et al 
1985). A list of 132 feelings-related adjectives (happy .. active, 
worried, young, etc.) is presented. Subjects are asked to mark an "X" 
in the box next to each adjective that describes how they feel. 
Of the several affects measured by the instrument, the "positive 
affect" scale of the MMCL was the one of interest for the current 
study. Twenty-one of the adjectives are considered "hits" on this 
scale and a standardized score is computed for each subject based on 
the number of hits adjusted for the total number of adjectives checked. 
This is to account for the difference between, for example, 20 hits 
when a total of 21 words are checked and the much less significant 
response of 20 hits when 50 words are checked. This 100-point stan-
dardized scale is also gender dependent. The "state" fo:rm of the check 
list was used (as op-posed to the "trait" fonn) in an attempt to 
capture the subjects' level of good mood at the precise time of 
exposure to the luminous environment. A sample Check List is included 
in Appendix A. 
2. Results The data for this trial are shown in Table I. 
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TABLE I. 
Data for the Phase I mood/light experiment - first trial. 
LIGHTING 
SUBJECT GROUP CONDITION SEX MAACL 
ET BAR D F 66 
KT BAR D M 54 
GO BAR D M 42 
PL BAR D F 43 
JA BAR D M 53 
RW BAR D M 60 
JH BAR D M 53 
JW BAR D M 42 
SF BAR D M 51 
BJ BAR D M 64 
JR DOT c M 44 
DH DOT c M 47 
JD DOT c M 47 
LT DOT c F 78 
KT DOT c F 62 
CD DOT c M 62 
AK DOT c M 64 
DD DOT c M 54 
JL DOT c M 42 
DB DOT c M 42 
JN DOT c M 63 
DB TRI B M 51 
MT TRI B F 69 
ss TRI B M 51 
EG TRI B F 58 
CJ 'IRI B F 58 
EL 'IRI B M 42 
JR TRI B F 58 
BR TRI B M 62 
LP 'IRI B M 47 
~ 'IRI B M 58 
KB 'IRI B M 58 
DH SQR A F 35 
'N SQR A M 73 
MP SQR A M 73 
GC SQR A M 60 
KP SQR A M 56 
BC SQR A M 44 
SB SQR A M 53 
DP SQR A M 62 
JM SQR A M 64 
SL SQR A M 44 
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Analysis of variance of the standardized MAACL positive affect scores 
yielded no statistically significant effects attributable to the four 
lighting treatments; hypotheses H01.1 through H01.4 could not be 
rejected. This and all following statistical analyses were performed 
using the Statistical Analysis System for Personal Computers, Release 
6.02, (copyright SAS Institute, 1985). Results of the SAS analysis of 
variance (GLM procedure) for the data in Table I are shown in Table II. 
Men 
TABLE II. 






P Score R-Square 
0.3272 0.1104 
Women 9 3.00 0.1341 0.6426 
Though not significant, inspection of the means for these data 
(presented in Tables III. and IV. ) revealed two encouraging trends: 1) 
group means differed in the directions anticipated by Flynn's work 
(Flynn 1977), and 2) men's responses seemed to differ from the women's 
as Nelson and colleagues had observed (Nelson et al 1984). It was 
therefore decided to repeat the experiment using the same subjects 
assigned to different groups in such a manner that a paired comparison 
test could be performed. 
In the repeated experiment, subjects who had originally 
TABLE III. 
Phase I, trial one mean MAA.CL Positive Affect scores 
for women under lighting conditions A through D 
Analysis variable MAACL 
----------------------- SEX=F COND=A -----------------------
N Obs N Minimum MaXimum Mean Std oev 
1 1 35.00 35.00 35.00 
----------------------- SEX=F COND=B -----------------------
N Obs N Minimum Maximum Mean Std Dev 
4 4 58.00 69.00 60.75 5.50 
----------------------- SEX=F COND=C -----------------------
N Obs N Minimum Maximum Mean Std Dev 
2 2 62.00 78.00 70.00 11.31 
----------------------- SEX=F OOND=D -----------------------
N Obs N Minimum Maximum Mean Std Dev 
2 2 43.00 66.00 54.50 16.26 
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TABLE N. 
Phase I, trial one mean MAACL Positive Affect scores 
for men under lighting conditions A through D 
Analysis variable MAACL 
------------- SEX=M: COND=A -------------
N Obs N Minimum Maximum Mean Std Dev 
9 9 44.00 73.00 58.78 10.73 
----------------- SEX=M COND=B -------------------
N Obs N Minimum Maximum Mean Std Dev 
7 7 42.00 62.00 52.71 7.02 
------------------ SEX=M COND=C ----------------
N Obs N Minimum Maximum Mean Std Dev 
9 9 42.00 64.00 51.67 9.23 
-------------------- SEX=M COND=D ------------------
N Obs N Minimum Maximum Mean Std Dev 
8 8 42.00 64.00 52.37 7.69 
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experienced lighting condition A were now assigned to condition D, and 
vice-versa. SUbjects who had originally experienced lighting condition 
B were now assigned to condition C, and vice-versa. The decision to 
compare A with D and B with C was made because the mean MAACL scores 
for conditions A and D had shown the greatest difference in the first 
trial. Also, since A and D had the highest and lowest illuminance 
levels respectively, and both had uniformly distributed illuminance, a 
comparison of these two groups could be used to test the hypotheses 
concerning the effect of illuminance level on mood (H01.1 and H01.2). 
Since conditions B and C had equal illuminance levels, but had lighting 
that was, respectively, unifonnly and non-unifonnly distributed, a com-
parison of these two groups could be used to test the hypotheses con-
cerning the effect of uniformity of lighting on mood (H01.3 and 
H01.4). 
The paired comparison data for trials one and two are shown in 
Table V. Note that the sample size is now reduced to 27. This is 
because same of the subjects present for trial one were not available 
for trial two and vice versa. Obviously, paired comparisons could only 
be made for the 27 subjects who were present for both trials. The T-
test results from these comparisons are shown in Table VI. These tests 
revealed that men are in a better mood under the higher illuminance 
level than under the lower illuminance level. This is seen by the 
positive mean difference of 9.73 between men's Positive Affect MAACL 
score under condition A minus the Positive Affect score under condition 
D. The effect is statistically significant at a level of p < .0001. 
Therefore H01.1 is rejected. 
However, H1.1 is also seen to be false since men's positive affect 
is greater under a higher level of illuminance, not under the lower 
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TABLE V. 
Phase I. trial two: Data for paired comparisons. 
COMPARISON 
MMCL MMCL 1 = A-D MMCL 
SUBJECT SEX GROUP A orB c or D 2 = B-G DIFFERENCE 
Er F BAR 49 66 1 -17 
PL F BAR 46 43 1 3 
KT M BAR 62 54 1 8 
GD M BAR 60 42 1 18 
JA M BAR 60 53 1 7 
RW M BAR 64 60 1 4 
JH M BAR 60 53 1 7 
JW M BAR 52 42 1 10 
SF M BAR 58 51 1 7 
LT F DOT 78 78 2 0 
KT F DOT 81 62 2 19 
JR M DOT 44 44 2 0 
DH M DOT 47 47 2 0 
JD M DOT 42 47 2 -5 
CD M DOT 60 62 2 -2 
AK M DOT 58 64 2 -6 
DD M DOT 62 54 2 8 
DH F SQR 35 37 1 -2 
'N M SQR 73 53 1 20 
MP M SQR 73 66 1 7 
GC M SQR 60 55 1 5 
KP M SQR 56 42 1 14 
MT F TRI 69 66 2 3 
EG F TRI 58 65 2 -7 
CJ F TRI 58 67 2 -9 
DB M TRI 51 58 2 -7 
ss M TRI 51 53 2 -2 
level assumed in that hypothesis. The direction assumed for that 
hypothesis was taken from a previously cited study (Nelson et al 1984). 
Since experimental conditions in that study were greatly different from 
the current ones (notably regarding illuminance levels compared), the 
discrepancy is not seen as a contradiction of those findings. rather as 




Phase I, trial two: Paired comparison T-tests 
of mood differences. 
Condition condition 
A vs D B vs C 
n Mean P SCore n Mean P Score 
11 9.73 .0001 8 -1.75 .3314 
3 -5.33 .4684 5 1.2 .8209 
Though not statistically significant, the trend in the mean 
differences continues to suggest different responses between women 
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and men. Nevertheless, none of the other hypotheses (H01.2, H01.3, nor 
H01.4) could be rejected. 
The question has been raised as to whether the MAACL Positive 
Affect score represents a true interval scale, or only an ordinal 
scale. Further uncertainty as to the type of scale involved is intro-
duced by using differences in scores (as is done in the paired com-
parisons). Therefore, it was suggested that nonparametric tests suit-
able to ordinally scaled measurements be investigated. A sign test 
(Runyon 1977) was applied to the data for the first two trials. The 
results are shown in Table VII. and are seen to be in complete agree-
ment with the classical statistical methods shown in Table VI. Since 
the methods agree so closely, and since the developers of the MAACL 
never even consider the appropriateness of classical statistics (used 
exclusively and without question of validity in the MAACL user's 
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manual, Zuckennan and Lubin 1985) , nonparametric methods were not con-
sidered further. 
TABLE VII. 
Phase I, trial two: Paired comparison sign test 
























The experiment was redesigned in the hope of increasing sensi-
tivity to the emerging pattern of lighting dependent differences in 
mood. The two modifications incorporated were use of a pre-test/post-
test strategy (as opposed to post-test only as used initially) , and in-
creasing the subjects' exposure time to the environment from about 10 
minutes to about 70 minutes. Additionally, in the interest of confin-
ing the study to a manageable size, it was decided to expedite the 
process by investigating only high versus low illuminance (the two 
conditions that had produced the greatest mood differences and the only 
significant results of the original experiment). Thus, hypothesis H1.3 
was not considered further. 
The pre-test/post-test design had originally been avoided out of 
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concern for the possibility of influencing the post-test MAACL scores 
by such recent prior exposure to the instrument. It had been hoped 
that the differential effect on mood of the various lighting configura-
tions would be strong enough to divide the subjects into statistically 
distinct mood group (when mood was measured on an absolute basis at the 
end of the exposure period). Apparently, however, the various levels 
of good mood that subjects brought with them to the experiment some-
times overwhelmed the mood difference induced by the lighting. Thus it 
was decided to use a pre-test/post-test design so that mood changes, as 
opposed to absolute levels of good mood, could be ccxnpared. So, with 
this decision that inclusion of a pre-test would be methodologically 
beneficial, the literature was consulted and the robustness of the test 
verified for such conditions (Lubin et al 1985, Zuckerman and Lubin 
1985). 
The decision to lengthen exposure time came about during consulta-
tion with several experts in the fields of lighting and of behavioral 
experimentation. Invariably, when discussing possible methods for 
increasing sensitivity beyond the level of the initial experiment, the 
authorities questioned responded that subjects may have had insuffi-
cient time for full adaptation to the lighting environment. The fol-
lowing describes the results of the experiment using the new design and 
extended exposure time. 
1. Procedure students in the author's lighting fundamentals 
class at the University of Kansas (viz. different subjects from the 
first tests) were administered the MAACL at the beginning and at the 
end of two successive class sessions. Due to the nature of the course 
material, these subjects were presumably not as naive as the original 
group had been, but they were unaware of their instructor's research 
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interest and their suspicions as to what was actually being tested were 
deemed unimportant. Indeed, during debriefing most subjects indicated 
that they hadn't noticed a difference in illuminance between the two 
sessions. The class normally meets in the lighting lab described 
above. 
Two levels of uniform illuminance were used. The first environ-
ment created was identical to configuration A of the original study. 
The following class period the students were subjected to a lighting 
configuration similar to B of the original study with the exception 
that the approximate average illuminance on the workplane was now 215 
lux. This was an attempt to make the low light level more plausible. 
Recall that the original configuration B was at 108 lux, a level sub-
stantially below the illuminance an American student expects to find in 
a college classroom. The lighting was preset in the desired configura-
tion prior to students entering the room. The course lectures for the 
two days were identical in format and similar in content, so no differ-
ential effect on mood was anticipated from that source. 
2. Results Data for the modified experiment appear in Table 
VIII. Under this experimental design, the variable of interest becanes 
the mood shift during exposure to the test environment as measured by 
the difference between the post- and pre-test standardized positive 
affect score on the MAACL. Paired comparisons consisted of the differ-
ence between a subject's mood shift in one lighting condition and the 
same subject's mood shift under the other lighting condition. T-tests 
were performed on the paired comparisons for the group of 6 women and 
for the group of 5 men who had been present each of the four times the 
checklist had been administered. The results of these T-tests are 
shown in Table IX. 
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TABLE VIII. 
Data for Phase I modified experiment. 
DIFFERENCE 
MOOD SHIFT MOOD SHIFT LO vs HI 
HI ILLUM LOILLUM ILLUM 
sUBJEcr SEX (HI CHANGE) (LOCHANGE) (DIFF) 
Crl F 5 
MP F -16 
FL F -3 3 6 
CD F -20 0 20 
LHE F 0 0 0 
DM F 6 
KM F -14 
aJI F -23 0 23 
DJ F -23 3 26 
SG F -11 -8 3 
MA F 11 
GM M -2 -3 -1 
RR M 20 -11 -31 
cs M 3 
ss M -2 -2 0 
BR M 2 -16 -18 
EL M -7 2 9 
LHA F -9 
AR F -11 
a. Women. From these T-tests it is seen that the mood shift for 
women was strongly negative for the "bright" condition as indicated by 
the mean mood change of -13.33 (variable coded "HICHANGE"). This 
result approached the .01 level of significance (single-tailed 
p<.0120). The point biseral correlation coefficient of .61 indicates 
that the lighting accounts for a large portion of the variance in mood. 
For the "dim" condition (LOCHANGE). the mean is near zero and the T 
statistic is not significant. However. when comparing women's mood 
shift in the "bright" condition with mood shift in the "dim" condition, 
a significant difference is observed (variable DIFF, p<.0185). This 
TABLE IX. 
Paired-comparisons T-test 








































leads to a rejection of H01.2 and it must be concluded that illuminance 
level does influence women's positive affect. 
b. Men. The T statistics reveal no significant mood shifts for 
men, though mood shift in the low illuminance condition (LOCHANGE) 
approaches significance. This implies a failure to reject H01.1, which 
previously had been soundly rejected. However, the means continue to 
suggest that men respond in the opposite direction from women, i.e. 
that men's good mood is enhanced under the "bright" condition and 
declines under the "dim" condition. In further support of the notion 
of a difference between men and women, when mean differences were com-
pared, the men's group differed significantly from the women (p<.01). 
3. Discussion Though same aberrations were noted, as a whole the 
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work to this point seans to support rejection of H01.1 and H01. 2, but 
in the opposite direction to that anticipated by the literature. In 
other words, men's positive affect is greater under a higher illum-
inance level than under a lower illuminance level; for women the oppo-
site is true. 
In the context of the decision making model, these results indi-
cate that women should be more likely to use heuristics or make an 
unconsidered decision in a "dim" environment. This is because under 
that condition women experience no change in good mood. on average, 
therefore, they should tend to be in a better mood in that environment 
than in the "bright" setting where their good mood is negatively 
influenced. COnversely, women should be more likely to apply a rigor-
ous decision making strategy under conditions of greater illumination. 
For men, the phenomenon may be reversed, with "snap" decisions being 
associated with "bright" environments and elaborate strategies pre-
ferred in "dim" light. 
In addition to the implications for the current work, these find-
ings have same importance to the fields of decision science, lighting 
research and perhaps even ergonomics in general. That men and women 
behave differently and react differently to stimuli is well documented 
in the psychology literature and elsewhere (Hudgens and Billingsley 
1978). However, there is some evidence that data from behavioral 
studies of lighting have not previously been analyzed in a manner that 
would reveal sex differences. The current results indicate that 
researchers must keep in mind this potential for differing reactions 
from men versus women. 
It was somewhat disquieting to note that, under this modified 
format intended to improve sensitivity to the phenomena being 
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investigated, the women (whose results previously had been statis-
tically insignificant) now show statistical significance whereas the 
men (whose results previously had been highly significant) now fail to 
show significance. In addition to the obvious limitations of small 
sample size, a possible explanation for this observation arises when 
considering how the original experiment differed from the modified 
version. Since one main difference was the length of exposure time to 
the environment, a plausible reason for the disparity could be that 
men are affected by the lighting environment in the short tenn, but the 
response is transitory, whereas women's response comes only after more 
prolonged exposure (and may or may not be transitory). The author 
knows of nothing in the psychology literature to support or refute this 
notion. As always, when confronted with such a paradox, further future 
investigation is warranted. 
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V. PHASE II 
In Phase I it was demonstrated that specific influences on mood 
could be attributed to certain luminous environments. Since psycholo-
gists have determined that the mood one is in affects the choice of a 
decision strategy, it may be inferred that the luminous environment 
does indeed affect decision making. However, due to the complexity of 
the model, this is not necessarily a syllogism. It was decided there-
fore to take advantage of the equipment in place and attempt Phase II 
in order to begin investigating experimentally the effect which theory 
predicted and which the work to that point supported. 
A. THE EXPERIMENT 
This phase involves placing subjects in the luminous environments 
and asking them to perfor:m a decision task. The response variables are 
the length of time required to reach a decision and the amount of 
available information used in reaching that decision. These conform 
to the variables investigated by Isen and her colleagues in their 
studies on affect and decision making. They are presumed to indicate 
whether a subject is using a simplified or a rigorous decision making 
strategy ( Isen and Means 1983) . A long decision time or use of large 
quantities of information indicate a rigorous decision strategy. 
Conversely, quick decisions or ones made after examining little infor-
mation can be assumed to be the result of the use of a simplified 
decision strategy. Additionally, the order in which information is 
examined is recorded. This will provide clues as to the~ of 




Subjects were 53 male and female college students attending the 
University of Kansas 1987 Summer session and represented a diversity of 
scholastic majors. Subjects were selected at random to be placed in 
either the "bright" or "dim" environment as described under Phase I 
above. Subjects were asked to report to a room adjacent to the test 
roam. There they were individually given instructions, signed a con-
sent fonn, and filled out a MMCL form. The instructions and all forms 
are reproduced in Appendix B (except for the MAACL fonn which is found 
in Appendix A) . 
The decision to have subjects fill out the mood instrument before 
entering the test environment was the result of peer review of the 
Phase I results when presented to the Commission Internationale de 
L'Eclairage's 21st Session in Venice in June of this year. Questions 
were raised as to what mood shift had been measured in Phase I. It was 
suggested that, since subjects had been (unavoidably) in the test en-
vironment for several minutes before filling out the pretest mood check 
list, the entire mood shift had not been measured in the Phase I work. 
Having subjects fill out the instrument immediately prior to entering 
the environment would eliminate this problem and, presumably, would 
make the test more sensitive. 
After completion of the preliminary paperwork, subjects were 
introduced into the test environment and assigned at random to a work 
station consisting of a personal computer and a writing surface. Com-
puters used were of the Zenith 150 series, IBM compatible, with Zenith 
color monitors. The subjects next read (from the computer monitor) 
eight screens (some 2000 words) of text which they were told was back-
ground material for the decision task to come. The text was presented 
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as white characters on a black field. 
Next, subjects filled out a questionnaire of personal information 
it was felt might be of importance in the analysis of the results of 
the experiment (e.g. Do you wear glasses? Are you familiar with per-
sonal computers? etc.). Also included on the questionnaire were some 
irrelevant questions to help disguise the true nature of the study. 
Each subject was then asked to write a description of the roam. This 
task, the background reading, and the questionnaire, were all intended 
to allow passage of time before the decision task was presented in 
order for the subject to become adapted to the environment. Addition-
ally, it is hoped that at some future time the written descriptions may 
be reviewed to gain insight into people's subjective impressions of the 
two environments (which differed only in lighting). The penultimate 
(though most important) task was the decision task itself, described 
below. Finally, subjects were asked to complete another MAACL fonn. 
The check list had been concealed in an envelope and so subjects were 
unaware, during the course of the decision task, that they would be 
asked to complete the check list a second time. 
C. THE DECISION TASKS. 
Since the paired comparison format was deemed essential, it was 
necessary to have two decision tasks. Each subject would encounter one 
of the tasks under one lighting condition, and the other task under the 
other lighting condition. Completion of the second task proceeded in 
an identical manner as described above, but during a second session 
several weeks after the first. Assignment to tasks and conditions were 
randomized. Unfortunately the blocks were severely unbalanced. 
Since so much new ground is being broken here, it was desirable to 
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reduce the unknowns to a minimum. Therefore, a decision task previous-
ly used by Isen and Means was selected as the model for the tasks in 
the current study. The fact that their study produced significant 
results served as a sort of validation of the task. The Isen and Means 
task comprised information on nine characteristics for each of six 
fictitious automobiles from which the subject was asked to choose the 
one he or she would purchase. One of the tasks used in the current 
study closely paralleled the information on that task provided by Dr. 
Isen in personal correspondence. Space limitations required using only 
eight of their nine characteristics. The other decision task used here 
involved selecting a refrigerator from among six alternatives. Again, 
subjects had access to eight pieces of information on each product. 
Product information for the two tasks is given in Appendices c and D. 
A computer program was written by the author which allowed the 
decision task to be presented on microcomputers. The program was writ-
ten in Turbo BASIC (copyright Borland International, Inc. 1987); the 
source code is reproduced in Appendix E along with sample output. 
Pragmatic as well as theoretic considerations make the personal com-
puter the preferred medium of data presentation. on the pragmatic 
side, timing of the decision process for each subject is simplified, 
and a complete, time ordered, coded record of each piece of information 
which a subject considers is readily available. This record would 
otherwise have to be transcribed and encoded from tape recordings of 
each subject if the PC were not used. Again in personal correspon-
dence, Dr. Isen assured the author that such transcription was 
extremely time consuming and that the computerized approach was a great 
improvement over the methods she had employed. Use of a video display 
is also desirable from the point of view of realism and relevance since 
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an increasingly large percentage of office and managerial tasks utilize 
information displayed in this manner. 
A final advantage of the video medium is that it allowed visibil-
ity of the decision information to be held constant. Had the informa-
tion been printed on paper, visibility of the data under the two light-
ing conditions would have been different. Any results achieved would 
then be subject to uncertainty as to the source of variance. Was it a 
mood change caused by the lighting that affected decision time? or did 
the visibility difference between the two conditions cause one group to 
look at the material longer than the other? Visibility was determined 
in accordance with accepted procedures of the Illuminating Engineering 
SOCiety of North America (Kaufman 1984). Luminance measurements were 
taken using a tripod-mounted luminance meter (Minolta model #"8032-305). 
D. RESULTS. 
1. The Data. Shown in Table X. are the data for this phase of 
the study. There are 34 measured and derived variables shown. SEX 
indicates the gender of the subject (F for ferrale, M for male). 
ENGLISH is the response to the question "Is English your native 
language" (Y for yes, N for no). This variable was included since 
difficulty in reading or comprehending the information for the decision 
task could lead to an inordinately long decision time. MAJOR is the 
subject's scholastic major (DES for Architecture or Design, ENG for 
Engineering, ANS for Liberal Arts and Sciences, OTH for other) • It was 
included based on similar reasoning as for the BRAIN variable described 
below. Glasses is the response to two questions: "Do you ever wear 
corrective lenses?" and "Are you wearing them now?" (N for no, YN for 
wears corrective lenses but not wearing them now, YY for wears lenses 
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TABLE X. 
Phase II data for effect of light on decision making. 
OBS SEX OOI.ISH MJ\JOO. GL.!SSES BRAIN GPA FJ\MILIAR NOTES ILLUM MACHINE 
1 F y DES yy RL 3.0 F 3 LO 3 
2 M y ENG yy NL 3.8 F 3 HI 2 
3 M y ANS yy NM 4.0 u 3 LO 1 
4 F y OTH yy NM 2.5 F 0 LO 1 
5 F y DES YN RM 2.8 u 3 LO 1 
6 F N ANS N NL 2.8 F 0 LO 3 
7 M y DES N NL 3.2 F 0 LO 2 
8 M y DES YN RL 3.8 F 0 HI 4 
9 F y ANS YN NL 3.5 u 3 LO 3 
10 M y DES yy NL 3.5 F 3 HI 2 
11 F y ANS YN NL 4.0 F 0 HI 1 
12 M y DES N RL 3.0 u 2 HI 1 
13 M y DES yy RL 3.5 u 3 LO 4 
14 M y ENG yy NL 3.3 F 3 HI 4 
15 M y DES yy NL 3.5 F 2 HI 3 
16 M y EN3 N NL 3.0 F 0 HI 4 
17 M N EN3 N NM 3.5 F 3 LO 4 
18 F y DES N RM 3.0 F 0 HI 3 
19 M y DES N RL 3.3 F 3 HI 3 
20 M y EN3 N NM 3.2 F 3 HI 4 
21 M N DES N NL 3.0 u 3 LO 3 
22 M N DES N NL 3.5 u 3 HI 3 
23 M N EN3 yy NM 3.0 F 0 LO 4 
24 F y EOO yy NL 3.3 F 3 LO 2 
25 M N 00 yy NL 1 HI 4 
26 M y ANS yy NL 3.8 F 3 LO 4 
27 M y 00 N NL 2.7 F 3 LO 3 
28 F y DES N RL 3.3 u 0 HI 4 
29 M y DES N NL 2.8 F 3 LO 4 
30 M y 00 N NL 2.3 u 3 HI 1 
31 M N DES N RM 3.0 u 0 HI 2 
32 M N 00 N NL 2.6 F 2 LO 2 
33 M y ANS N NL 2.5 u 0 LO 2 
34 M y DES N RL 3.0 F 2 HI 1 
35 F y OTH yy RL 4.0 u 0 LO 1 
36 M N 00 yy RM 3.4 F 2 LO 1 
37 M y DES N NL 3.0 F 0 LO 1 
38 F y DES YN NL 3.2 F 3 HI 1 
39 M y DES yy RM 3.5 F 0 HI 1 
40 M y OTH YN NL 2.5 F 0 HI 3 
41 M y 00 N NL 3.1 F 2 HI 1 
42 M y ANS N NL 3.0 u 0 HI 2 
43 M y DES yy NL 3.7 u 2 LO 4 
44 M y 00 N NL 3.8 F 2 HI 2 
45 F y OTH yy RM 3.5 F 0 LO 3 
46 M ANS N NL 3.0 u 1 HI 3 
47 M N ANS N RM 2.7 F 0 HI 3 
48 F y 00 yy NL 3.0 u 3 LO 4 
49 M y DES N NL 3.0 u 0 LO 1 
50 M y ANS yy m 2.8 F 3 HI 2 
51 F y ANS yy RM 3.5 u 1 LO 2 
52 F y DES yy RL 3.0 u 1 HI 4 
53 F y DES YN RM 2.5 F 0 LO 1 
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TABLE X. (continued) 
Phase II data for effect of light on decision making. 
OBS DATE AMEM TOTIME TFSr CHOICE QUANT TIME J?REMA.l\CL PS'IMMCL 
1 618 FM 3074 REF B 54 531 73 67 
2 619 FM 2603 REF 8 60 741 44 42 
3 625 AM 2887 CAR c 48 109 55 49 
4 702 AM 1123 CAR F 35 241 52 49 
5 619 AM 2688 CAR c 48 866 62 62 
6 701 FM 2658 REF A 0 80 55 55 
7 619 AM 1512 REF E 28 176 49 62 
8 618 AM 1414 CAR c 62 315 69 69 
9 619 AM 1762 CAR c 51 532 58 72 
10 618 AM 2025 CAR c 57 683 52 60 
11 701 AM 1480 CAR F 18 143 46 43 
12 618 AM 1737 REF B 56 548 44 49 
13 619 AM 1920 REF E 56 744 42 44 
14 701 AM 2276 REF F 50 422 55 53 
15 618 AM 1705 REF B 71 463 58 55 
16 701 AM 1584 CAR A 17 534 49 47 
17 702 AM 3497 REF F 90 564 55 55 
18 618 AM 972 CAR c 26 181 49 46 
19 619 FM 4362 REF F 16 189 53 53 
20 702 FM 2774 CAR D 48 709 66 50 
21 619 AM 1853 REF B 66 779 58 64 
22 618 AM 3085 CAR F 59 102 71 69 
23 619 AM 2679 CAR A 12 154 53 51 
24 618 FM 2504 REF F 48 705 43 46 
25 619 FM 1581 CAR c 7 128 70 
26 701 FM 2019 CAR c 48 632 51 55 
27 702 AM 1865 REF B 48 374 58 55 
28 618 AM 721 REF A 0 31 49 43 
29 618 FM 2492 REF D 52 938 60 58 
30 702 FM 1766 REF B 66 678 51 53 
31 619 FM 2230 CAR c 12 725 64 62 
32 618 IM 1688 CAR E 37 425 51 60 
33 701 IM 1863 CAR c 14 301 64 64 
34 619 IM 3462 REF B 54 117 44 44 
35 701 FM 956 REF D 12 121 62 55 
36 701 IM 2334 CAR D 10 895 49 47 
37 618 IM 1020 CAR F 18 124 44 44 
38 618 AM 3618 REF D 91 155 50 57 
39 618 AM 2659 CAR c 71 563 44 44 
40 619 IM 3272 CAR c 12 429 62 60 
41 626 AM 2032 REF B 60 541 60 58 
42 618 AM 1942 CAR c 15 126 42 44 
43 618 IM 1937 CAR D 37 582 49 42 
44 701 AM 1764 REF E 66 367 64 60 
45 701 IM 1269 CAR B 32 189 52 59 
46 701 AM 4070 REF B 64 174 47 44 
47 701 AM 862 CAR c 53 207 71 56 
48 701 IM 3400 REF B 84 159 81 72 
49 618 IM 1917 REF F 65 520 58 42 
50 626 AM 4713 CAR c 50 674 58 44 
51 702 AM 1738 REF c 62 430 57 59 
52 619 IM 2717 REF F 57 359 55 58 
53 619 AM 1673 REF c 15 210 49 55 
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TABLE X. (continued) 
Phase II data for effect of light on decision making. 
OBS J.K:HAOOE MMCLAVE BRAIN2 IWJM2 TOTIME2 TEST2 CHOICE2 QUANT2 
1 -6 70.0 
2 -2 43.0 NL LO 2050 CAR E 48 
3 -6 52.0 ti-t HI 2913 REF B 48 
4 -3 50.5 NM HI . REF F 69 
5 0 62.0 RM HI 2668 REF B 48 
6 0 55.0 
7 13 55.5 
8 0 69.0 NL LO 1849 REF E 51 
9 14 65.0 . 
10 8 56.0 NL LO 2000 REF B 49 
11 -3 44.5 NL LO 1721 REF F 15 
12 5 46.5 ?L LO 1441 CAR c 36 
13 2 43.0 RL HI 2799 CAR D 54 
14 -2 54.0 NL LO 1927 CAR E 76 
15 -3 56.5 
16 -2 48.0 
17 0 55.0 
18 -3 47.5 RM I.D 1373 REF D 36 
19 0 53.0 RL I.D 3618 CAR E 11 
20 -16 58.0 
21 6 61.0 
22 -2 70.0 
23 -2 52.0 
24 3 44.5 
25 
26 4 53.0 
27 -3 56.5 NL HI 1423 CAR c 48 
28 -6 46.0 
29 -2 59.0 NL HI 1997 CAR D 50 
30 2 52.0 
31 -2 63.0 
32 9 55.5 
33 0 64.0 . . 
34 0 44.0 RL 3056 E 48 
35 -7 58.5 
36 -2 48.0 
37 0 44.0 
38 7 53.5 NL I.D 4171 CAR D 19 
39 0 44.0 RM LO 2743 REF 8 65 
40 -2 61.0 
41 -2 59.0 NL I.D 2008 CAR A 48 
42 2 43.0 
43 -7 45.5 NL HI 2031 REF F 36 
44 -4 62.0 NL I.D 1835 CAR F 48 
45 7 55.5 
46 -3 45.5 
47 -15 63.5 
48 -9 76.5 
49 -16 50.0 
50 -14 51.0 
51 2 58.0 
52 3 56.5 
53 6 52.0 RM HI 1149 D 36 
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TABLE X. (continued) 
Phase II data for effect of light on decision making. 
OBS TIME2 ffiEMA.C2 POS'IMAC2 f.OIAOOE2 lDIFF QDIFF MOOD IFF 
1 
2 630 53 47 -6 111 12 4 
3 884 49 47 -2 775 0 4 
4 344 46 61 15 103 34 18 
5 936 78 60 -18 70 0 -18 
6 
7 
B 487 64 60 -4 -172 11 4 
9 . 
10 632 64 56 -8 51 8 16 
11 113 43 46 3 30 3 -6 
12 382 66 64 -2 166 20 7 
13 1002 60 51 -9 258 -2 -11 
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27 343 44 47 3 -31 0 6 
28 . . . 









38 1714 59 64 5 -1559 72 2 
39 244 49 42 -7 319 6 7 
40 
41 901 73 71 -2 -360 12 0 
42 
43 385 47 51 4 -197 -1 11 









53 397 43 43 0 187 21 -6 
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and is currently wearing them) • As with English comprehension, slow 
reading due to poor eyesight could skew decision time results. BRAIN 
is the response to two questions intended to gain same insight into the 
location of the subject on the analytical/creative continuum. The 
first question asked if the subject considered himself mainly artistic 
(R) or mainly analytical (N) . The second question asked for an assess-
ment of whether he was more logical (L) or emotional (M). This infor-
mation was collected because it had been suggested that some people 
have a natural tendency to be more analytical, and hence would tend, 
ceteris paribus, to choose a more rigorous decision strategy than their 
less analytical peers. 
GPA is the subject's self reported grade point average on a four 
point scale. This variable was included without theoretical basis, but 
on the impulse that good students may make decisions differently than 
poorer students. FAMILIAR indicates how familiar the subject is with 
pers onal computers (F means fairly familiar, U means fairly unfam-
iliar). Again, decision time could be influenced by the characteristic 
measured by this variable. NOTES indicates the extent to which the 
subject took notes on the decision task. It was assumed that the per-
son who took fewer notes would necessarily use larger quantities of 
information, since he would have to repeatedly return to information 
previously viewed but forgotten. Three is the highest level of NOTES, 
indicating that all of the available information was written down by 
the subject; zero was the lowest level indicating no notes taken. 
ILLUM is the independent variable of room illumination. MACHINE 
indicates which work station the subject used. This was included to 
enable testing hypotheses such as "location in room doesn't affect the 
response variables" and "there was no differential effect of the 
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computers on the response variables". The date the subject was tested 
in the first round and whether testing occurred in the morning or 
afternoon are recorded under DATE and AMfM respectively. For example, 
618 EM indicates testing in the afternoon of June 18th, 1987. It was 
hypothesized that day or time of day might affect decision strategy. 
TOTIME is the total time in seconds a subject spent at the work 
station, from the moment he sat down, to completion of the decision 
task (time spent filling out the post-test MAACL is not included). 
TEST refers to which decision task the subject saw in the first round 
(REF for refrigerator, CAR for automobile). CHOICE is the selection 
rra.de by the subject on the decision task (for example, car c, or 
refrigerator E). This was recorded to check the hypothesis that the 
six alternatives in each decision task were equally attractive. Had 
one choice been clearly superior to the rest, response variance would 
have been severely compressed. 
QUANT records the quantity of the available information that the 
subject actually inspected. This is one of the main response variables 
as indicated above. The number can exceed the 48 pieces of information 
available since subjects were free to re-examine information as often 
as desired. The length of time (in seconds) required by a subject for 
completion of just the decision task appears under the heading TIME. 
This is the other main independent variable. 
PREMAACL and PSIMMCL are, respectively, the standardized positive 
affect score from the Multiple Affect Adjective Check List prior to 
entering the test environment, and the MAACL score subsequent to 
completion of the decision task. MCHANGE is the difference derived 
by subtracting PREMAA.CL from PS'IMAACL. MAACLAVE is the average of 
PREMMCL and PS'IMAACL. 
All of the preceding variables were recorded for the subject's 
first session in the test environment. Several weeks later. when the 
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subject returned for a second session, many of the same variables were 
measured, recorded or calculated. In general these use the same label 
as for the first round, but with a "2" appended to the end. The defin-
itions of these variables are the same as before. Note that only 21 of 
the original 53 subjects could be recruited for the second round. The 
final three variables, TDIFF, QDIFF, and MOOD IFF represent, respective-
ly, the difference between TIME and TIME2, the difference between QUANT 
and QUANT2, and the difference between MCHANGE and MCHANGE2. 
2. Statistical Analysis Table XI gives the results of paired 
comparison T-tests for the variables TDIFF, QDIFF, and MOODIFF. None 
of the tests are significant at classically accepted levels. Consider 
first the test on the variable MOOD IFF (the difference between sub-
jects' "bright" condition good mood shift and "dim" condition good mood 
shift). This was an attempt to replicate the results of Phase I in 
which HOl.l and H01.2 were rejected. In this case the null hypothesis 
being tested is that subjects' mood shift in the "bright" condition is 
indistinguishable from mood shift in the "dim" condition. That this 
hypothesis cannot be rejected seems to contradict the Phase I findings. 
On closer inspection it is seen that the mean for the female group is 
negative whereas the mean for the males is positive. This is consis-
tent with phase one findings that "bright" enhances men's good mood, 
but is detrimental to women's, etc. Actually, the failure to reject 
) 
this hypothesis can be seen to be simply an artifact of small sample 
size. When these data are pooled with the compatible data from phase 
one the hypothesis of no affect of light on mood is easily rejected for 
both the male and the female group at the . 05 level. Thus the pooling 
TABLE XI. 








































of the current "insignificant" data with the moderately significant 
phase one data yields a high level of significance in conjunction with 
the increased sample size, supporting the idea that the Phase II data 
lacks significance merely due to small sample size. 
The T-tests for TDIFF and QDIFF test the null hypotheses of no 
effect of the luminous environment on the time required to reach a 
decision (H02.1a and H02.2a), and no effect of the luminous environment 
on the quantity of available information used in making a decision 
(H02.1b and H02.2b), respectively. This is the central subject of this 
phase of the research, and as such, it is disconcerting that neither 
hypothesis can be rejected based on this simple statistical model. 
Though the test on quantity of infonna.tion examined (QDIFF) approaches 
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the .05 level of significance for both men and women, the aspect of 
these data that creates the greatest conflict with theory concerns the 
sign of the means for the variables. 
For both QDIFF and TDIFF, the sign of the mean is constant across 
gender; QDIFF is positive for both men and women, TDIFF is negative for 
both men and women. Theory predicts that women should use less infor-
mation and make quicker decisions under the "dim" condition than in the 
"bright" environment since that is the condition under which their mood 
is better. This leads to the expectation of positive means for both 
QDIFF and TDIFF for women, but this is not observed from the data. The 
men, on the other hand, should use less info:rmation and make quicker 
decisions in the "bright" environment where their positive affect is 
enhanced. Therefore, the means of QDIFF and TDIFF should both be neg-
ative for men, but again, opposite signs are observed. 
Apparently, same factor is acting to override the effect of good 
mood on decision making (assuming the effect does indeed exist). 
Although Phase I showed that light affects mood, that link in the chain 
has been shown to be weak in the Phase II data. The lack of statistic-
al significance in the decision making variables could merely be a 
result of this weak lighting/mood link. 
Two other possible sources for this occluding factor are 1) the 
experimental design, and 2) the lighting environment itself. Were the 
latter case true, this could indicate insufficient specification of the 
model. Light affects humans in other ways than to alter mood; one or 
more of those ways may bear on the decision question. Further work on 
that question is beyond the scope of this dissertation. 
The next phase of the experimental analysis, then, was to attempt 
to identify and isolate blocking variables that may be contributing to 
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this apparent failure of the data to support the theory. Some prelim-
inary tests were made on those elements of the design that were sus-
pected of being possible sources of the discrepancy. Each of several 
variables was subjected to aT-test, analysis of variance, or regres-
sion analysis (depending on whether it was discrete with two levels, 
discrete with many levels, or continuous) with the result that no 
statistically significant effect on either decision time or quantity of 
information used could be attributed to any of the variables in ques-
tion. Those variables were ENGLISH (native speakers' and multi-
linguals' responses were indistinguishable), FAMILIAR (computer 
familiarity didn't affect response), GLASSES (eyesight doesn't play a 
role), MACHINE (no difference in response attributable to which com-
puter was used), MAJOR (Engineers and poets all responded the same), 
DATE, .AMPM (when the subject was tested had no effect), AGE (the group 
was rather homogeneous anyway), and BRAIN (right-brain and left-brain 
dominates responded the same). 
One variable, however, showed some significance and proved to be 
the key that unlocked the enigma. It was found that the variable TEST 
(containing information about the order in which subjects were present-
ed the decision problans) had an effect on the quantity of information 
examined (p<. 05) . Since interactions between the decision task and the 
lighting condition under which the task was encountered seemed plaus-
ible, that information was combined with the task order information to 
create a new variable labeled GROUP. Part of the data set with GROUP 
appended is shown in Table XII. This variable simply identifies which 
of the four possible combinations of tasks and lighting the subject 
saw: 1) refrigerator and high illuminance in the first session 

























Excerpt from Phase II data set 
with the variable GROUP appended. 
SEX TDIFF QDIFF MOOD IFF 
F 103 34 18 
F 70 0 -18 
F 30 3 -6 
F 1 -10 -12 
F -1559 72 2 
F 187 21 -6 
M 111 12 4 
M 775 0 4 
M -172 11 4 
M 51 8 16 
M 166 20 7 
M 258 -2 -11 
M -107 -26 -6 
M -1162 5 -2 
M -31 0 6 
M -424 -2 -3 
M -1094 6 0 
M 319 6 7 
M -360 12 0 
M -197 -1 11 























refrigerator and low illuminance followed by car and high illuminance 
(IR) , 3) car and high illuminance followed by refrigerator and low 
(HC), 4) car and low illuminance followed by refrigerator and high 
illuminance (LC) . 
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.Analysis of variance ( GIM) was conducted for the dependent 
variables TDIFF and QDIFF using GROUP as a blocking variable. The 
results were highly significant (p<.01, R2>. 7) for QDIFF. The two 
elements of the model, SEX and the SEX*GROUP interaction are each 
significant at or near the .01 level. Similar models for TDIFF 
approached significance with p-scores of .1 or slightly higher. These 
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results indicate that QDIFF is different for men than for women, 
especially once the blocking effects of GROUP's interaction with SEX 
are eliminated. Since the two groups are different, then the mean 
QDIFF of at least one of the sexes must be non-zero, which agrees with 
theory which says that both should be non-zero (one positive, the other 
negative). Thus it may be inferred that the luminous environment 
affects the amount of the available information that will be used by 
either men or women in a decision making context. Either H02.1b or 
H02.2b is false, though it cannot be determined from the current data 
which one. The length of time needed to arrive at that decision may 
also be affected. 
A word concerning interactions in the model is in order. Inter-
actions are frequently difficult to interpret. In this experiment, the 
significance of the SEX*GROUP interaction may indicate several things. 
First, this may imply differential responses to the two decision tasks; 
one task may not have been as "hard" as the other across all subjects. 
Another possibility is differential responses to the tasks by sex 
(choosing a refrigerator may imply different things for men than for 
women). The order people saw the decision tasks may also have affected 
performance, and this may have been sex specific. Still another 
possibility included within this interaction is that of decision 
task/illuminance interaction. It is not possible to state conclusively 
which of these (or other) effects are occurring, but their possible 
existence should be taken into consideration in future work. 
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VI. CONCLUSIONS AND FUTURE DIRECTIONS 
The results of this research represent striking implications for 
both managers and lighting design professionals. Historically, as 
discussed above, research has centered on the effects of lighting on 
worker productivity (e.g. unskilled labor). Although recent trends 
have been to investigate visual performance in the office environment, 
the effects on decision making personnel (e.g. managers) have not been 
addressed explicitly. The current work shows, however, that the illum-
inating engineer can no longer be content with supplying the quantity 
and quality of light deened correct for the presumed visual task. The 
mood and arousal potential of a lighting system must now also be viewed 
as necessary considerations for good design. Managers will need to 
keep informed of new developments on how to appraise such considera-
tions. 
A. MOOD 
Figure 6 summarizes the effects of the luminous environment on 
subjects' positive affect as concluded from the body of work to date. 
These results are saninal and have been met with great interest on the 
part of the international lighting community. Aside from their import 
for the decision question, the findings concerning differential 
responses to light of men versus women may serve to create renewed 
awareness among lighting researchers of the importance of gender to 
this field. 
B. OTHER DIMENSIONS 
Though this work has shown that light does affect mood, many other 















* Or diminishes it less than the alternate illuminance condition. 
** Or enhances it less than the alternate illuminance condition. 
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mood. A few of these other dimensions are considered here. 
1. Uniform/Directional. In phase one, mood differences resulting 
from being in uniform lighting versus extremely non-uniform lighting 
were briefly examined. Though in the interest of simplicity that line 
of investigation was abandoned, some promising initial results were 
obtained. 
2. Spectral Power Distribution. Each light source (incandescent, 
fluorescent, metal halide, etc.) has a characteristic distribution of 
the energy it emits at various spectral wavelengths. Since the liter-
ature is replete with examples of color affecting behavior (e.g. stark 
et al 1982, Birren 1962), a logical extension of this work might 
include the "color" of the light source. Also of interest along these 
lines is work being done at Lawrence Berkeley Laboratories concerning 
pupil size and spectral power distribution. A link between pupil size 
and mood has been mentioned in connection with that work (Berman et al 
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1985). 
3. Luminaire Brightness. Subjective impressions of light fixture 
brightness have been the subject of recent research at Pennsylvania 
state University (Bernecker and Mier 1985). Since people have specific 
likes and dislike in this area, perhaps a mood effect is operative. 
4. Light/Dark. Even within the dimension on which the current 
work focuses there is much room for greater specificity. Using several 
lighting environments, identical on all other dimensions (spectral 
power distribution, uniformity, etc.), but of varying illuminance 
levels, would allow mood reactions within the light/dark dimension to 
be mapped more thoroughly and precisely. This would help resolve the 
seeming anomaly uncovered by the present study that women's mood is 
better at the lower illuminance level when comparing 2000 and 200 lux 
as was done here, but mood was better under the higher illuminance 
level for women studied by Nelson and associates under 300 and 100 lux 
(Nelson et al 1984). Since this discrepancy suggests possible inflec-
tion points in the curve of illuminance level versus mood, it is 
necessary to determine additional points on that curve (beyond the 
current two) in order to specify more closely its shape. 
C. DECISION MAKING. // 
Based on these landmark finding about light and mood, the psychol-
ogy literature lead to the conclusion that decision making strategy 
should be influenced by the luminous environment in the ways shown in 
Figure 7. This theory recieved modest support in the Phase II work 
where it was shown that men were different from women with respect to 
the amount of information they used in making a decision. Encouraging, 
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difference between men and women with respect to the amount of time 
required to make a decision. 
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Though sex was significant in the GI.M procedure model used in 
reaching these conclusions, it required the inclusion in the model the 
SEX*GROUP interaction to make it so. In other words, these interac-
tions had a blocking effect. This leads to both a suggestion for a 
direction future work should take as well as a potentially important 
conclusion in its own right. 
1. IropQrtance of SEX*GROUP Interactions. The theory could not be 
supported until the blocking effects of SEX*GROUP interactions were 
removed. As previously mentioned, these interactions subsume con-
siderations of different decision tasks being seen by different groups 
in different sequence and in combination with different lighting 
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configurations. This may indicate that, although lighting may be a 
factor in the selection of a decision strategy, the decision task 
itself, or the sequence of decisions with which one is faced, may be of 
overriding importance. 
2. Implications for Future Work. In light of 1. above, future 
research should seek to disentangle the effects of the decision task on 
decision strategy from the effects of light on decision strategy. In 
order to do this, the need for more than one decision task must be 
removed. Since two decision tasks were necessary in order to allow 
paired comparisons, reducing the experiment to one decision task can 
only be accomplished by increasing sample size to the point where 
paired comparisons are no longer required. As a minimum, this would 
require twice as many subjects (40), but 50 to 60 subjects may be 
necessary to provide the sensitivity required to detect the effect. 
D. VALIDITY 
Responses to certain variables have been shown to differ with 
different lighting conditions. Since correlation does not prove 
··~-~ ...... ~ .. -·-·~-~·-.- ..... -~-- '••<- '---
causa~, however, the question of internal validity must be raised. 
···- -- -- .. ~~---
How is it assumed that the luminous environment has caused subjects to 
alter decision strategy? Though one is never certain, the following 
summarizes the evidence presented here that indicates internal validity 
has been achieved. 
First, a theory was developed and the data subsequently gathered 
was shown to be in agreement with that theory. Had the data been 
gathered on an "exploratory basis" with no theoretical underpinning, 
the conclusion of causality would have been greatly weakened. Second, 
care was taken to insure that the subjects were naive and that they 
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were randanly asssigned to tasks and conditions. Further, the effects 
of all possible mood inducers other than lighting of which the author 
could conceive were either minimized or neutralized altogether. Third, 
the measurement instrument chosen (MMCL) was one that has been proven 
reliable in hundreds of previous studies. The decision tasks were also 
patterned after a previously validated task. Finally, pre-testing of 
individual subjects was done and their input used to alter the experi-
ments in such a way as to insure that what was to be measured was 
actually measured. 
Those aspects of the current study that may compromise internal 
validity include use of two decision tasks (as discussed), and failure 
to use multivariate design as has been suggested in the literature 
(Jarvenpaa 1985). Greater validity may have been possible had other 
variables (e.g. ambient air temperature) been simultaneously manipu-
lated, especially variables for which the effect on decision strategy 
was well known. It is questionable, however, whether any such 
variables exist. 
External validity should also be considered. Little resistance 
would be met were one to propose the extrapolation that these results 
hold for all American college students. As soon as one steps across 
age, educational, or cultural boundaries though, questions of validity 
arise. Fortunately, the target group for which it is desired to make 
inferences from these findings (American managers) differs from these 
subjects on only one of these crucial dimensions (viz. age). One can 
easily conceive of theories for how college students' emotional make-up 
could differ from that of older people. For example, it could be 
argued that stability of positive affect comes with emotional maturity; 
or perhaps the converse is true. Aside from the obvious realization 
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that the natural next step in the investigation will be to test people 
of all age groups, there would seem to be no extraordinary problems 
with external validity in this work. 
E. CLOSING COMMENTS 
The import of this project exceeds by an order of magnitude all 
initial expectations, both in terms of personal growth as well as for 
its significance to the lighting profession. The work has shown that 
elements which now must be considered when designing a lighting system 
are expanded to include decision making variables and gender of the 
user. It is apparent that the job of the professional lighting 
designer will take on an added dimension of challenge as understanding 
of this phenomenon develops. On the personal plane, the increase in 
understanding of the research process has been extraordinary. In 
addition, in the process of answering a few questions, many others have 
been raised which are begging to be explored. All indications are that 
this marks the beginning of what promises to be a career-long invest-
igation of a fascinating subject. 
85 
BIBLIOGRAPHY 
Alonso, R. , Ozaki, Y. , Wurtman, R. J. , "Ri tmo Diario en los Ni veles 
Pineales, Sericos y Urinarios de Melatonina en la Rata," Reproduccion, 
Vol. 4, No. 3, July-September 1980, p. 225. 
Aspinall, P.A., Dewar, J. "Lighting and Perceived Guilt," Lighting 
Research & Technology, Vol. 12, No. 3, 1980. 
Barnaby, J .F. "Lighting for Productivity Gains," Lighting Design 
& Application, Vol. 10, No. 2, February 1980. 
Belcher, M.C. "CUltural Aspects of Illuminance Levels," Lighting 
Design + Application, Vol. 15, No. 2, February 1985, p. 49. 
Belcher, M.C., Kluczny R.M. "A Model for the Possible Effects of 
Light on Decision Making," Lighting Design + Application, Vol. 17, No. 
2, 1987, p. 19. 
Berman, S.M., Jewett, D.L., Bingham, L.R., Nahass, R.M., Perry, 
F., Fein, G. "Pupillary Size Differences under Incandescent and High 
Pressure Sodium Lamps," unpublished paper presented to the Illuminat-
ing Engineering Society of North America Annual Conference, August, 
1985, Boston, Massachusetts. 
Bernecker, C.A., Mier, J. "The Effect of Source Luminance on the 
Perception of Environment Brightness," Journal of the Illuminating 
Engineering Society, Vol. 15, No. 1, 1985, p. 253. 
Birren, F. "Psychological Implications of Color and Illumination," 
Illuminating Engineering, Vol. 64, May 1969. 
Bitterman, M.E. "Lighting and Visual Efficiency: The Present 
Status of Research," Illuminating Engineering, Vol. 43, No. 8, Septem-
ber 1948. 
Blackwell, H.R. "Developnent and Use of a Quantitative Method for 
Specification of Interior Illumination Levels on the Basis of Perform-
ance Data," Illuminating Engineering, Vol. 54, June 1959, p. 317. 
86 
Blackwell, H.R., Smith, s.w. "Validation of Elements of an Earlier 
Illumination Specification System," Compte Rendu 15th Session, 
Commission Internationals de L'Eclairage, C.I.E. Publication No. 11B-
1964, Volume B, 1964, p. 249. 
Blackwell, H.R. "A More Complete Quantitative Method for Speci-
fication of Interior Illumination Levels on the Basis of Performance 
Data," Illuminating Engineering, Vol. 64, April 1969, p. 289. 
Bodmann, H.W. "Visibility Assessment in Lighting Engineering," 
Journal of the Illuminating Engineering Society, Vol. 2, No. 4, July 
1973. 
Bower, G.H., Cohen, P.R. "Emotional Influences in Memory and 
Thinking: Data and Theory," Affect and Cognition. Hillsdale, New 
Jersey: Lawrence Erlbaum Associates, 1982, p. 291. 
Boyce, P.R. Human Factors in Lighting. New York: MacMillan, 
1981. 
Brass, J. "Discarding ESI in Favor of Brightness Contrast Engin-
eering - a "Wide-Angle" View," Lighting Design & Application, Vol. 12, 
No. 11, November 1982. 
Bronner, R. Decision Making under Time Pressure - An Experimental 
study of Stress Behavior in Business Management. Lexington, MA: Lexing-
ton Books, 1982. 
Brozek, J., Simonson, E. "Visual Performance and Fatigue under 
Conditions of Varied Illumination," American Journal of Ophthalmology, 
Vol. 35, 1952, p. 33. 
87 
Bullard, R.W., Banerjee, M.R., Chen, F., Elizondo, R., Macintyre, 
B.A. "Skin Temperature and The:rmoregulatory sweating: A Control 
Systems Approach," Physiological and Behavioral Temperature Regulation, 
Springfield, IL: Charles c. Thomas Publisher, 1970, p. 597. 
Champness, B. Hyland, M., Oliver, K. "Effects of Fluorescent 
Lighting on Social Behaviour and Judgements," Architectural Psychology 
Newsletter, Vol. 8, No. 1, 1978. 
Clark, M.S. "A Role for Arousal in the Link between Feeling 
States, Judgments, and Behavior," Affect and Cognition, Hillsdale, New 
Jersey: Lawrence Erlba.um Associates, 1982, p. 263. 
Collins, O.F., Moore, D.G. The Organization Makers. New York: 
Appleton, 1970. 
Cyert, R.M., March, J .G. A Behavioral Theory of the Finn. 
Englewood Cliffs, NJ: Prentice Hall, 1963. 
DiLaura, D.L. "Whatever Happened to Equivalent Sphere Illumina-
tion?," Lighting Design & Application, Vol. 12, No. 11, November 1982. 
Eastman, A.A., DeLaney, W.B. "Visibility of Office Type Tasks 
under Various Lighting Materials - Part I, Illuminating Engineering, 
Vol. 61, No. 5, May 1966, p. 366. 
Flynn, J .E., Spencer, T .J., Martyniuk, o., Hendrick, c. "Interim 
study of Procedures for Investigating the Effect of Light on Impression 
and Behavior," Journal of the Illuminating Engineering SOCiety, Vol. 3, 
October 1973, p. 87. 
Flynn, J .E. "A Study of Subjective Responses to Low Energy and 
Nonuniform Lighting Systems," Lighting Design & Application, Vol. 7, 
No. 2, February 1977. 
Fry, G.A. "Assessment of Visual Performance," Illuminating 
Engineering, Vol. 57, June 1962. 
Gardner, M. "Denno--optical Perception: A Peak Down the Nose," 
Science, Vol. 151, 1966, p. 654. 
Gibson, C • .J. , Watkins, C . .J. , wurtma.n, R • .J. "Tyrosine Administra-
tion Enhances Dopamine Synthesis and Release in Light-Activated Rat 
Retina," .Journal of Neural Transmission, Vol. 56, No. 2-3, 1983, p. 
153. 
Giesen, M., Hendrick, c., "Effects of Seating Distance and Room 
Illumination on the Affective outcomes of small Group Interaction," 
Social Behavior and Personality, Vol. 2, No. 1, 1974, p. 87. 
Goldstein, K. "Some Experimental Observations Concerning the 
Influence of Colors on the Function of the organism," Occupational 
Therapy and Rehabilitation, Vol 21, 1942, p. 147. 
88 
Greene, T.C., Bell, P.A. "Additional Considerations Concerning the 
Effects of 'Wa:t:m' and 'Cool' Wall Colours on Energy Conservation," 
Ergonomics, Vol. 23, No. 10, 1980, p. 949. 
Guth, S.K. "Lighting for Visual Perfonnance and Visual comfort," 
.Journal of the American Optometric Association, Vol. 41, No. 1, .January 
1970, p. 63. 
Guth, S.K., McNelis, .J .F. "Visual Perfonnance: A Comparison in 
Terms of Detection of Presence and Discrimination of Detail," Illum-
inating Engineering, Vol. 63, No. 1, .January 1968, p. 32. 
Guth, S.K., McNelis, .J .F. "Visual Perfonnance - SUbjective Differ-
ences," Illuminating Engineering, Vol. 64, No. 12, 1969, p. 723. 
Harvey, L.O., DiLaura, D.L., Mistrick, R.G. "Quantifying Reactions 
of Visual Display Operators to Indirect Lighting," .Journal of the 
Illuminating Engineering Society, Vol. 14, No. 1, 1984. 
Helms, R.N. Illumination Engineering for Energy Efficient Luminous 
Environments. Englewood Cliffs, N.J: Prentice-Hall, 1980. 
Hollwich, F., Dieckhues, B., Schrameyer, B. "Die Wirkung des 
Naturlichen und Ktinstlichen Lichtes tiber das Auge auf den Hormonund 
Stoffwechselhaushalt des Menschen," Klin Mbl Augenheilk, Vol. 171, 
1977, p. 98. 
Hopkinson, R.G., COllins, J.B. The Ergonomics of Lighting. 
London: Macdonald, 1970. 
Hudgens, G.A., Billingsley, P.A., "Sex: the Missing VAriable in 
Human Factors Research," Human Factors, Vol. 20, 1978, p. 245. 
IERA Symposia. Proceedings of Two Symposia, One Held at st. 
John's College, cambridge, England, Fall 1975, the Second Held at the 
89 
Institute fur Medizinische Optik der Universitat Munchen, Germany, June 
29-30, 1977, New York, Illuminating Engineering Research Institute, 
undated. 
Isen, A.M., Clark, M., Shalker, T.E., Karp, L. "Affect, Acces-
sibility of Material in Memory, and Behavior: A Cognitive Loop?," 
Journal of Personality and SOCial Psychology, Vol. 36, No. 1, 1978, p. 
1. 
Isen, A.M., Means, B., "The Influence of Positive Affect on 
Decision-making Strategy," SOCial Cognition, Vol. 2, No. 1, 1983, p. 
18. 
Isen, A.M., Means, B., Patrick, R., Nowicki, G. "Some Factors 
Influencing Decision-Making Strategy and Risk Taking," Affect and 
COgnition. Hillsdale, New Jersey: Lawrence Erlbaum Associates, 1982, 
p. 243. 
Isen, A.M., Sirrmonds, S. "The Effect of Feeling Good on a Helping 
Task that is Incompatible with Good Mood," SOCial Psychology Quarterly, 
Vol 41, 1978, p. 346. 
Ivanov, A. "SOviet Experiments in 'Eye-less Vision'," Interna-
tional Journal of Parapsychology, Vol. 6, 1964, p. 5. 
Jacob, E. "Lighting and Productivity," International Lighting 
Review, 1966, p.103. 
Jarvenpaa, S.L., Dickson, G.W., DeSanctis, G. "Methodological 
Issues in Experimental IS Research: Experiences and Recomnendations," 
MIS Quarterly, Vol. 9, No. 2, 1985, p. 141. 
Kahnema.n, D. Attention and Effort. Englewood Cliffs, N.J. : 
Prentice Hall inc., 1973. 
Kahnema.n, D. , Beatty, J. , and Pollock, I. "Perceptual Deficit 
During a Mental Task," SCience, Vol. 157, 1967, p. 218. 
90 
Kearney, G.E. "Hue Preferences as a Function of Ambient Temper-
ature," Australian Journal of Psychology, Vol. 18, No. 3, 1966, p. 271. 
Kleiber, D.A., Musick, P.L., Jayson, J.K., Maas, J.B., 
Bartholomew, R.P. "Lamps - their Effect on Social Interaction and 
Fatigue," Lighting Design & .Application, Vol. 4, No. 1, January 1974. 
Kllller, R. Non-Visual Effects of Light and Colour: Annotated 
Bibliography. Lund, SWeden: SWedish Council for Building Research, 
1981. 
Lane, D.M. "Limited capacity, Attention Allocation, and Produc-
tivity," Human Performance and Productivity, Hillsdale, New Jersey: 
Lawrence Erlbaum Associates, 1982, p. 121. 
Lehon, L.H. "The Effects of self-selected Lighting Level on Reading 
Speed and comprehension of Visually Impaired and Normally Sighted 
Children," Lighting Design & .Application, Vol. 6, No. 5, May 1976. 
Leight, K.A., and Ellis, H.C. "Einotional Mood States, Strategies, 
and state-Dependency in Memory," Journal of Verbal Learning and Verbal 
Behavior, Vol. 20, 1981, p. 251. 
91 
LOfberg, H.A., LOfstedt, B., Nilsson, I., Wyon, D.P. "Combined 
Temperature and Lighting Effects on the Performance of Repetitive Tasks 
with Different Visual Content," Corrmission Internationale de 
l'Eclairage, Compte Rendu, 18e Session, London 1975, Paris: Publi-
cation CIE No 36, 1976. 
Lubin, B., Zuckennan, M., Woodward, L. Bibliography for the 
Multiple Effect Adjective Check List. San Diego: EdiTS, 1985. 
Lynch, H.J., Rivest, R.W., Ronsheim P.M., WUrtman, R.J. "Light 
Intensity and the control of Melatonin Secretion in Rats," Neuroen-
docrinology, Vol. 33, No. 3, September 1981, p. 181. 
Maas, J. B. , Jayson, J. K. , Kleiber, D. A. "Effects of Spectral 
Differences in Illumination on Fatigue," Journal of Applied Psychology, 
Vol. 59, No. 4, 1974, p. 524. 
March, J.G., Simon, H.A. Organizations. New York: Wiley, 1958. 
Matulionis, R.C. "Effects of Achromatic Luminance Intensities and 
Constrasts (sic) on Human Performance," Man-Environment Systems, Vol. 
8, No. 4, 1978, p. 159. 
Mayron, L.W. "Hyperactivity from Fluorescent Lighting - Fact or 
Fancy: A COrrmentary on the Report by 0' Leary, Rosenbaum, and Hughes," 
Journal of Abnonnal Child Psychology, Vol. 6, No. 3, 1978. 
Mayron, L. W. , Kaplan, E. "Bioeffects of Fluorescent Lighting," 
Academic Therapy, Vol. 12, No. 1, Fall 1976, p. 75. 
Mayron, L.W., Ott, J., Amontree, E.J., Nations, R. "Caries Reduc-
tion in SChool Children," Applied Radiology/Nuclear Medicine, 
July/August 1975, 
Mayron, L. W. , Ott, J. , Nations, R. , Mayron, E. L. "Light, Radia-
tion, and Academic Behavior," Academic Therapy, Vol. 10, No. 1, Fall 
1974, p. 33. 
Mintzberg, H. The Nature of Managerial Work. Englewood Cliffs, 
NJ: Prentice Hall, 1980. 
Moon, P., Spencer, D.E. "Visual Data Applied to Lighting Design," 
Journal of the Optical Society of America, Vol. 34, No. 10, october 
1944, p. 605. 
Neer, R.M., Davis, T.R.A., Walcott, A. Koski, s., SChepis, P., 
Thorington, L., wurtman, R.J. "Stimulation by Artificial Lighting of 
calcium Absorption in Elderly Human SUbjects," Nature, Vol. 229, 1971, 
p. 255. 
Nelson, T.M., Nilsson, T.H., Johnson, M. "Interaction of Temper-
ature, Illuminance and Apparent Time on sedentary Work Fatigue," 
Ergonomics, Vol. 27, No. 1, January 1984, p. 89. 
Nucholls, J .L. Interior Lighting for Environmental Designers. 
New York: John Wiley & Sons, 1976. 
O'Leary, K.D., Rosenbaum, A., Hughes, P.C. "Fluorescent Lighting: 
A Purported Source of Hyperactive Behavior," Journal of Abno:rrnal Child 
Psychology, Vol. 6, No. 3, septe:nber 1978, p. 285. 
Ozaki, Y. , wurtman, R. J. , "Spectral Power Distribution of Light 
Sources Affects Growth and Development of Rats," Photochemical Photo-
biology, Vol. 29, No. 2, February 1979, p. 339. 
Page, R.A., Moss, M.K. "Environmental Influences on Aggression: 
The Effects of Darkness and Proximity of Victim," Journal of Applied 
Social Psychology, Vol 6, No. 2, 1976, p. 126. 
Painter, M. "Fluorescent Lights and Hyperactivity in Children: 
An Experiment," Academic Therapy, Vol. 12, 1976-77, p.181. 
Parsons, H.M. "What Happened at Hawthorne?," SCience, Vol. 183, 
March 1974, p. 922. 
Rea, M.S. "Visual Perfonnance with Realistic Methods of Changing 
92 
Contrast," Journal of the Illuminating Engineering Society, Vol. 10, 
No. 3, April 1981, p. 164. 
93 
Rea, M.s. "Performance of a Reading Test under Different Levels of 
Illumination," Journal of the Illuminating Engineering Society, Vol. 
12, No. 1, October 1982. 
Rea, M.S. "An OVerview of Visual Performance," Lighting Design & 
Application, Vol. 12, No. 11, November 1982. 
Rey, P. , Rey, J.-P. "Les Effets Compares de Deux Eclairages Fluor-
escents sur une Tache Visuelle et des Tests de 'Fatigue' , " Ergonomics, 
Vol. 6, No. 4, 1963, p. 393. 
Runyon, R.P. Nonparametric Statistics: A Contemporary Approach. 
Reading, MA: Addison-Wesley Publishing Company, 1977. 
Saunders, M. , Gustanski, J. , Lawton, M. "Effect of Ambient Illum-
ination on Noise Level of Groups," Journal of Applied Psychology, Vol. 
59, No. 4, 1974, p. 527. 
Sharon, I .M. , Feller, R. P. , Burney, S. W. "The Effects of Light of 
Different Spectra on caries Incidence in the Golden Hamster," Archives 
Oral Biology, Vol. 16, 1971, p. 1427. 
Sni th, s. W. "Performance of Complex Tasks under Different Levels 
of Illumination: Part I - Needle Probe Task," Journal of the Illum-
inating Engineering Society, Vol. 5, No. 4, July 1976, p. 235. 
Snith, s.w. "Is There an Optimum Light Level for Office Tasks?," 
Journal of the Illuminating Engineering Society, Vol. 7, No. 4, July 
1978, p. 255. 
Snith, s.w., Rea, M.S. "Proofreading under Different Levels of 
Illumination," Journal of the Illuminating Engineering Society, Vol. 8, 
No. 1, October 1978, p. 47. 
94 
Smith. S.W .• Rea. M.S. "Relationships Between Office Task Perform-
ance and Ratings of Feelings and Task Evaluations under Different Light 
SOurces and Levels." Proc. CIE 19th Session. Kyoto. 1979. 
Smith. s.w., Rea, M.S. "Performance of a Reading Test Under 
Different Levels of Illumination," Journal of the Illuminating 
Engineering Society, Vol. 12. No. 1, 1982, p. 29. 
Stark, G.M., saunders, D.M., Wookey, P.E. "Differential Effects of 
Red and Blue Coloured Lighting on Gambling Behavior," current Psycho-
logical Research, Vol. 2, No. 2, April-June 1982, p.95. 
Teicher, W .H., Kobrick, J .L. Effects of Prolonged Exposure to Low 
Temperature on Visual Motor Perfonnance. Flicker Fusion, and Pain 
Sensitivity. U.S. Army, Q:n Res Dev cent Environ Protection Div Rep, N 
230, 1954. 
Thorington, L., Parascandola, L., Cunningham, L. "Visual and 
Biologic Aspects of an Artificial sunlight Illuminant," Journal of the 
Illuminating Engineering Society, Vol. 1, No. 1, October 1971, p. 33. 
Tversky, A. , Kahneman, D. "Availability: A Heuristic for Judging 
Frequency and Probability", COgnitive Psychology, Vol. 5, 1973, p. 207. 
Weiner, B. "The Emotional Consequences of causal Attributions," 
Affect and Cognition. Hillsdale, New Jersey: Lawrence Erlbaum 
Associates, 1982, p. 185. 
Weston, H.C. The Relation Between Illumination and Industrial 
Efficiency - The Effect of Size of Work. London: Her Majesty's 
Stationery Office, 1935. 
WUrtman, R.J. "Good Light and Bad," The New England Journal of 
Medicine, Vol. 282, No. 7, February 1970, p. 394. 
WUrtman, R. J. "The Effects of Light on Man and Other Manmals," 
Annual Review of Psychology, Vol. 37, 1975, p. 467 
95 
Wurtman, R.J. "The Effects of Light on the Human Body," SCientific 
American, Vol. 233, No. 1, 1975, p. 68. 
Zamkova, M.A., Krivitskaya, E. I. "Effects of Erradiation by Ultra-
violet Erythemia Lamps on the Working Ability of SChool Children," 
Gigiena i Sanitariya, Vol. 31, April 1966, p. 41. 
Zuckerman, M., Lubin, B. Manual for the Multiple Affect Adjective 
Check List - Revised. San Diego: EdiTS, 1985. 
96 
VITA 
Marc Clay Belcher was bom November 26, 1954 in Abilene, Texas. 
He was raised in Boulder, COlorado where he attended the University of 
COlorado. He earned his Bachelor of SCience degree with honors in 
Architectural Engineering (Illumination Option) in 1977 and subsequent-
ly worked for architectural firms in Chicago and Houston, eventually as 
a project engineer. He has been registered as a Professional Engineer 
in the State of colorado since 1984. 
Mr. Belcher took his Master of Business Administration (Inter-
national Business and Finance) from the University of Chicago in 1982. 
He has been enrolled in the Graduate SChool of the University of 
Missouri-Rolla since May 1985 and has held a Chancellor's Fellowship 
since that time. Since September of 1986 he has held the position of 
Besal Assistant Professor of Architectural Engineering at the Univer-
sity of Kansas, Lawrence Kansas. 
Mr. Belcher is married to the fonner Beth SChumacher, a Registered 
Architect. The couple is blessed with two children, Richard Timothy 





PHASE I INSTRUCTIONS AND DOCUMENTS 
EXPERIMENTAL PROTOCOL 
Before subjects enter the room: 
"Please draw a number from the box as you enter the room and 
sit in the seat corresponding to that number. Please do not 
touch any of the material on the table in front of you." 
After all are seated: 
"As the box is passed around, please return your number to 
the box. n 
After numbers are collected: 
"In front of you are several sheets of paper with a pencil 
on top. Please remove the pencil and turn over the pile of 
papers. Please do not look at any sheet until you are instructed 
to do so. The first sheet should look like the one I am holding 
up. At this time, pl.ease read along with me as I read the first 
sheet aloud." 
After consent form is read: 
"Are there any questions?" 
After all questions are answered: 
"Anyone choosing not to participate may leave the room at 
this time. Everyone else, please sign the consent form and place 
it on the bottom of the stack of papers." 
After all consent forms completed: 
"The next sheet is a blank sheet of paper. Please place it 
on the bottom of the stack of papers. The next sheet of paper 
should look like the one I am holding up. In the upper right 
hand corner of that sheet, please mark the number of your seat. 
Also fill in your name and sex in the spaces provided." 
After all have completed preceding: 
"Please read along with me as I read the instructions." 
After reading instructions: 
"Any questions?" 
After answering all questions: 
"Please complete the checklist at this tiae. When you have 
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coapleted the checklist, please place it on the bottom. of the 
stack of papers, place your pencil on top of the stack and sit 
quietly." 
After all have completed the checklist: 
"I will now read a list of people's naaes. Please think 
briefly about each person as the naaes are read.• 
After reading the list: 
"Without letting your neighbors see what you are writing. 
please write on the top blank sheet of paper whether you think 
there were more men's names, or more women's names on the list I 
just read. If you think there were more men's names, write •aen" 
and if you think there were more women's names, write "women". 
When you have done that, please place that sheet of paper on the 
bottom of the stack." 
When all have completed: 
"The next sheet of paper should look like the one I am 
holding up. Please indicate by circling the appropriate number 
on the scale what mood you are in. Bote that "one" means you are 
in a very bad mood, "five" means that you are in a neutral aood, 
and "ten" means that you are in a very good mood." 
When all have completed: 
"That is the end of the eXPeriment. Please be sure to leave 
the pencil and all of the sheets of paper on the desk where you 
found thea. Thank you for your help. You will now return with 
the research assistant to room 315. It is imperative that you do 
not say anything to anyone upon returning to rooa 315." 
PLEASE NOTE: 
Copyrighted materials in this document 
have not been filmed at the request of 
the author. They are available for 
consultation, however, in the author's 
university library. 
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A D H 
PA ss 
1 0 active 45 0 fit 89 0 peaceful 
2 0 adventurous 46 Oforlorn 90 0 pleased 
3 0 affectionate 47 Ofrank 91 0 pleasant 
4 0 afraid 48 0 free 92 0 polite 
5 Oagitated 49 0 friendly 93 0 powerful 
6 0 agreeable 50 0 frightened 94 0 quiet 
7 0 aggressive 51 Ofurious 95 0 reckless 
8 0 alive 52 0 lively 96 0 rejected 
9 Oalone 53 0 gentle 97 0 rough 
10 0 amiable 54 Oglad 98 0 sad 
11 Oamused 55 Ogloomy 99 0 safe 
12 0 angry 56 Ogood 100 0 satisfied 
13 Oannoyed 57 O good-natured 101 0 secure 
14 Oawful 58 Ogrim 102 O shaky 
15 Obashful 59 Ohappy 103 0 shy 
16 0 bitter 60 Ohealthy 104 0 soothed 
17 Oblue 61 0 hopeless 105 0 steady 
18 Obored 62 Ohostile 106 0 stubborn 
19 0 calm 63 0 impatient 107 0 stormy 
20 0 cautious 64 Oincensed 108 0 strong 
21 0 cheerful 65 0 indignant 109 0 suffering 
22 Oclean 66 0 inspired 110 0 sullen 
23 0 complaining 67 0 interested 111 0 sunk 
24 0 contented 68 0 irritated 112 0 sympathetic 
25 0 contrary 69 Ojealous 113 0 tame 
26 0 cool 70 Ojoyful 114 0 tender 
27 0 cooperative 71 0 kindly 115 0 tense 
28 O critical 72 Olonely 116 0 terrible 
29 0 cross 73 Olost 117 0 terrified 
30 0 cruel 74 Oloving 118 0 thoughtful 
31 Odaring 75 Olow 119 0 timid 
32 Odesperate 76 Olucky 120 0 tormented 
33 Qdestroyed 77 Omad 121 0 understanding 
34 Odevoted 78 Omean 122 0 unhappy 
35 0 disagreeable 79 Omeek 123 0 unsociable 
36 0 discontented 80 Omerry 124 0 upset 
37 0 discouraged 81 Omild 125 0 vexed 
38 0 disgusted 82 0 miserable 126 0 warm 
39 0 displeased 83 Onervous 127 0 whole 
40 0 energetic 84 0 obliging 128 0 wild 
41 Oenraged 85 O offended 129 0 willful 
42 0 enthusiastic 86 0 outraged 130 0 wilted 
43 0 fearful 87 Opanicky 131 0 worrying 
44 0 fine 88 Qpatient 132 0 young 
THE UNIVERSITY OF KANSAS 
Programs in Architectural Engineering 
The Architectural Engineering program supports the practice 
of protection for human subjects participating in research. The 
following information is provided so that you can decide whether 
you wish to participate in the present study. You should be 
aware that even if you agree to participate you are free to 
withdraw at any time. 
Today's experiment is part of a larger study dealing with 
decision making. In this portion you will be asked to simply 
complete a checklist and answer questions about your mood. The 
University's Advisory Committee on Human Experimentation has 
determined that subjects in this experiment are nQ! at risk. 
Your participation is solicited, but strictly voluntary. Do 
not hesitate to ask any questions about the study. Be assured 
that your name will not be associated in any way with the re-
search findings. We appreciate your cooperation very much. 
I have read the above information and agree to participate 
in the experiment. 
(signature) 




PHASE II INS'IRUCTIONS AND DXUMENTS 
Hi! Please have a seat. 
First of all I want to thank you for helping us out today. 
I'll be giving you instructions in this room and then you'll be going next 
door for the actual experiment. 
It probably seems awkward, but I'm reading these instructions because its 
important that each person who helps us receives the exact same 
instructions - so please bear with me. ---
The first thing I'd like to do is give you a little information so that you 
can decide if you want to give your consent to participate in this study. 
[Hand subject consent form] Please read this to yourself as I read it 
aloud. [Read consent form except for last line] 
Do you have any questions? [Answer questions] 
If you agree to participate, please sign the form now. 
[Take consent form from subject, give subject MAACL form] 
Next we'ld like you to complete this form. Again, please read the 
instructions to yourself as I read them aloud. 
[Read instructions, emphasize NOW and WORK QUICKLY] 
[When subject finishes MAACL] Thank you. 
[Collect MAACL] 
When you go into the other room, some of the tasks will be done with pen 
and paper, others will be done on a computer screen. Don't be concerned if 
you don't know anything about computers - knowledge of computers isn't 
necessary. 
The main portion of the computer work looks like this [show computer 
screen]. This represents eight different types of information about six 
different products [point]. By looking at the information, we want you to 
select which of the six products you would buy if you were shopping for 
one. Pen and paper will be provided, so feel free to take notes. But 
please use only the pen and paper provided. 
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To look at a piece of information, move the flashing cursor to the appro-
priate row and column using the green arrow keys, then press the red return 
key. The information will appear at the bottom of the screen. Note how-
ever that only six pieces of information can be displayed at one time. All 
of these instructions will be reviewed in writing on the computer screen at 
the time the problem is introduced. You will also have a chance to prac-
tice on a sample/demonstrator. 
If you forget any of this, you can press "H" for help [demonstrate]. There 
should always be something on the screen telling you what to do next, or 
telling you how to get help. For example, this [point] tells you to press 
the space bar to get back to looking at information [press space bar]. 
When you have decided which product you prefer, press the "C" key on the 
keyboard. "C" stands for "choice". This tells the computer that you are 
ready to give it your answer. It will then ask you to press the key 
corresponding to the model of your choice (A, B, C, D, E, or F). It will 
ask you to confirm your answer by typing "Y". 
You will be asked to make only one product decision on the computer, so 
take as long as you need to make your decision. 
Any questions so far? [answer questions] 
Here are two envelopes of material you will use in the experiment. Please 
don't open them until instructed to do so. 
Now you will be going across the hall to the work room. You will be 
directed to the computer you will use. Start by reading and following the 
instructions on the computer screen . 
.Just to give you a general overview: you will first read some material 
from the computer screen, then you will be instructed to work the material 
in the first envelope, next comes the product decision task on the 
computer, and finally you will be directed to the contents of the second 
envelope. When finished, bring all your materials back here. 
Always read carefully the instructions on the screen and in the envelopes. 
They will guide you through the whole process one step at a time. If you 
have a question at any time, someone will be right outside the door of the 
workroom. 
It is important not to discuss your work or ask questions of any others who 
may be working in the room at the same time as you. (They may be working 
on a different problem anyway). Ask all questions of the monitor only. 
Any questions at this time? [answer questions] 
O.K., let's get started. [direct subject to colleague for escort to work 
room] 
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Instructions: Please answer the following as completely and accurately as 
possible. Remember, all information will be kept strictly confidential. 
When you finish these questions, please return to the computer screen and 
follow the instructions shown there. 
1. Naae: 
• 
2. Is English your native language? 
3. What is your scholastic major: 
4. Do you ever wear corrective lenses (glasses or contacts)? ----------
If yes, are you wearing them now? ---------
5. Would you describe yourself as basically ARTISTIC or ANALYTICAL? 
(circle one} 
6. Do you consider yourself basically OUTGOING or SHY (circle one)? 
7. On a four point scale (A = 4.0) what is your realistic expectation of 
what your grade point average will be upon graduation? 
8. How would you describe your familiarity with small computers (circle 
one}? 
FAIRLY FAMILIAR FAIRLY UNFAMILIAR 
9. Which of the following best describes where you grew up (check one)? 
RURAL AREA 
SMALL TOWN (POPULATION UNDER 10,000) 
SMALL CITY (POPULATION 10,000 TO 50,000) 
MEDIUM CITY (POPULATION 50,000 TO 150,000) 
BIG CITY OR MAJOR METROPOLITAN AREA 
10. Who is your favorite author? 
11. Who is your favorite composer or musician? 
12. Would you describe yourself as ATTRACTIVE,or UNATTRACTIVE (circle 
one)? 
13. Do you consider yourself mainly LOGICAL or EMOTIONAL (circle one)? 
14. On the blank sheets of paper provided, describe this room. Take as 
much time as you like. Don't be concerned about writing style, just 




AUTOMOBILE DECISION TASK: DATA AND COMPUTER SCREENS 
'AUTOMOBILE" ,8 
"1A 25 miles per gallon 
'1B 33 miles per gallon 
'1C 31 miles per gallon 
'10 35 miles per gallon 
"1E 29 miles per gallon 
'1F 27 miles per gallon 
'2A This is the cheapest car of the group to maintain 
"2B This car has high maintenance costs 
"2C This is the most expensive car of the group to maintain 
"20 This car has maintenance costs that are slightly above average 
"2E This car has average maintenance costs 
'2F This car has low maintenance costs 
"3A Worst safety record of the group, but still acceptable to Ralph Nader 
'3B This is the safest car of the group 
'3C This car has an excellent safety record 
'30 The safety record indicates that this car is about average 
'3E This car has a good safety record 
'3F This car has a below average safety record 
"4A Rated above average on handling 
"4B Average handling characteristics 
"4C Rated as best in its class for handling 
"40 Below average handling 
'4E Good handling, steers well 
'4F Very good handling, very responsive 
'SA Good comfort 
"58 Below average comfort, rides a little rough, road noise slightly annoying " 
"5C Very smooth, comfortable ride ' 
"50 Average ride comfort, slight road noise audible 
"5E Rated slightly above average comfort 
'SF Best ride of the group, extremely comfortable 
"6A Below average, headroom may be inadequate for very tall people 
'6B Very good overall, good leg room, good head room 
'6C Above average roominess, good leg room 
"50 Average roominess 
'6E Roomiest of the group, very spacious feel, large trunk 
"6F Least leg room of the group, overall roominess: worst of group 
'7A Holds it very value well 
"7B Excellent, resale value is traditionally one of the highest on the market ' 
'7C Average resale value, but demand is frequently light • 
"70 This car exhibits good resale performance • 
"7E Resale performance has been below average for this model 
'7F Tends to hold its value slightly above the average for the group 
"SA $ 10,126 
'8B $ 10,498 
·ac $ 1o,sss 
'80 $ 11,229 
"BE $ 11,614 
'BF $ 11,997 




'5. RIDE COMFORT" 
'6. ROOMINESS' 





THANK YOU FOR PARTICIPATING IN THIS EXPERIMENT 
PLEASE TYPE YOUR NAME 
AND THEN PRESS THE RETURN KEY (MARKED IN RED) 
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Later on, you will be asked to make a decision about purchasing AUTOMOBILES. 
In preparation, please read the following background information. 
PRESS SPACE BAR (blue) TO SEE NEXT SCREEN 
AUTOMOBILES 
(Condensed from Consumer Reports, April 1985) 
Most of our product reports include fairly detailed descriptions of the 
tests we perform. Our monthly auto reports are an exception. To avoid redun-
dancy, we describe only the results of our tests each month, reserving a detail-
ed accounting of our test methods for our auto issue. This account is taken 
from that issue. 
Consumer's Union road-tests approximately 35 new cars each year. Since so 
many cars have identical twins and close cousins, that's enough testing to keep 
us up to date on most of the cars on the market. The six cars in this study are 
sedans because most of our readers drive practical cars. Sometimes we buy two 
samples of a popular model - one fully equipped, the other virtually stripped -
for comparison. We don't ignore snazzy sporty cars, luxury cars, or small vans 
and pickup trucks. When significant changes occur in those markets, we look at 
the latest offerings. 
We buy each vehicle from a dealer, just as you do. That way, we're likely 
to test a typical sample - just like one you might buy. Like you, we bargain 
for price. 
PRESS SPACE BAR (blue) TO SEE NEXT SCREEN 
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INSPECTION AND BREAK-IN 
Each new car is thoroughly inspected before it's taken out on the road. 
Using a 50-item checklist, we note all sample defects and make any minor adjust-
ments necessary to bring the car up to the manufacturer's specifications. If we 
find any serious defects, we send the car back to the dealer for repair. 
In addition to inspecting the car's condition, we take measurements and e-
valuate comfort and convenience features. 
PARKING EASE. We measure the car's turning circle and calculate its steer-
ing factor (an indicator of how much the front wheels turn with a full revolu-
tion of the steering wheel). We also measure how much effort it takes to turn 
the steering wheel when the car is stopped. 
CARGO. We determine how large and how convenient the trunk or cargo space 
is, how convenient it is to open the trunk or hatchback lid, how easy it is to 
fold down the back seat in a station wagon or hatchback, and how easy it is to 
remove the spare tire. We also check for sharp edges or rough surfaces that 
could damage luggage. 
SEATING ARRANGEMENTS. The most important measure here is driving position: 
that the controls are conveniently located for any driver - short, average-sized 
or tall. We check to see how easy it is to get into and out of the front and 
rear seats. And we evaluate seat comfort with all seating combinations: If the 
manufacturer claims that a rear seat will accomodate three people, three of our 
PRESS SPACE BAR (blue) TO SEE NEXT SCREEN 
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engineers dutifully climb in. 
DISPLAYS AND CONTROLS. We look at design and location of gauges, switches, 
levers, pedals, and the like, noting our initial impressions. As our tests pro-
gress, drivers continue to note conveniences and annoyances in actual use. 
BUMPERS. Up until 1982, we used a device called a "bumper basher" to simu-
late bumper-to bumper impacts at 5 mph. By 1982, under the stimulus of Federal 
safety standards, bumpers had grown so protective that neither they nor the com-
ponents they protected were suffering any damage at all in our tests. But then 
the safety standard for car bumpers was relaxed from 5 mph to 2.5 mph. So this 
year we resumed our low-speed collision tests. Once our basher has done its 
damage, we get a professional estimate of the cost of repairs. 
SAFETY FEATURES. We evaluate the comfort and convenience of front and rear 
safety belts. We also check whether they can secure safety seats for children. 
We inspect head restraints for range and ease of adjustment. And we check 
visibility. Is the driver's view obscured by the rear-view mirror or a window 
post? Is the hood too high to see over? Are the ends of the fenders visible? 
If a model has been crash-tested by the Government, we report the results 
of the 35-mph, head-on crash test. 
SERVICING. We judge how easy it would be to handle routine servicing, such 
as oil and filter changes. 
When our measurements and checks are completed, we put each car through an 
extended break-in period, driving it for 2000 to 4000 miles. Our automotive 
PRESS SPACE BAR (blue) TO SEE NEXT SCREEN 
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testers take turns using the car for everyday driving - to and from work, run-
ing errands, on weekend trips. We keep a logbook in the car to record all our 
impressions. We assess the following: 
DRIVABILITY. This is a measure of how smoothly the engine operates under 
different conditions. For instance, none of our cars are garaged during the 
break-in period, and every day we note how well the engine starts when it's 
cold. If it consistently hesitates, coughs, or stalls, we downrate it accord-
ingly. 
We evaluate how smoothly the engine operates as it's warming up. We re-
start the engine after it's been warmed up and then partly cooled. We also e-
valuate it at full operating temperature. 
DRIVETRAIN. We determine how well the throttle works, and we judge the 
smoothness of shifts with both automatic and manual transmissions. We also 
judge how appropriate the gear ratios are for the particular car. 
CLIMATE CONTROL. Different weather conditions enable us to asses the cli-
mate system. We continue to note our observations throughout the duration of 
our tests, and in a specific cold-start test. We evaluate the air-conditioning, 
the heater, the defroster, the rear-window defogger, and the ventilation system. 
We check the oil and tire pressure twice a week. And, after the car has 
been driven about 500 miles, we balance the tires and wheels and align the front 
end. Unless something goes wrong, the car won't be back in our shop until the 
end of the break-in period. At that time, we do one final inspection and ready 
PRESS SPACE BAR (blue) TO SEE NEXT SCREEN 
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the car for formal testing. If needed, adjustments are made. And a precision 
meter is installed in the car's fuel line to measure fuel consumption in all our 
road tests. 
ON THE ROAD 
We conduct our road tests in several locations near Orange, Conn., where 
our auto test division is based. We usually test four or five comparable cars 
at a time. When the engineers take the 195-mile trip, they travel in a convoy, 
taking turns driving each car around the route. The cars carry tape recorders 
so each driver can comment on specific characteristics: 
NORMAL HANDLING. The 195-mile trip offers plenty of opportunity to evalu-
ate how the car handles under normal circumstances. One thing we measure is 
tracking - the car's tendency to steer itself when it's accelerating straight 
ahead or when it's turning a corner at low speed. 
Steering feel is our way of describing how well the car keeps the driver 
informed - through the steering wheel - about road conditions, about negotiat-
ing a turn, and so on. Steering confidence describes the car's positive and 
predictable response to the driver's guidance. Steering response is a measure 
of how quickly the car actually changes direction in response to the driver's 
actions. 
We check two other handling factors: Bump step-off (a measure of the car's 
PRESS SPACE BAR (blue) TO SEE NEXT SCREEN 
115 
tendency to hop sideways when it goes over small, sharp bumps) and free control, 
an indication of the car's ability to resume its original course quickly and 
steadily after the steering wheel has been turned abruptly and then released. 
FUEL ECONOMY. We measure fuel consumption on our one-mile city-traffic 
circuit, on a four-mile stretch of highway at 55 mph, and on the 195-mile trip. 
RIDE. With the car carrying only a driver, a car's ride is evaluated on 
turnpikes, secondary highways, and rough roads during the 195-mile trip. We 
also judge the ride on a 20 mile circuit, first when the car is carrying two 
people, then with a maximum load as defined by the manufacturer. 
INTERIOR NOISE. We make a subjective assessment of the noise level during 
the 195-mile trip and on the 20-mile circuit. We also make recordings with a 
calibrated, highly accurate tape recorder while the car is traveling at various 
speeds over different surfaces. The tapes are analyzed by computer in our elec-
tronics laboratory. 
AT THE TRACK 
Tests at the Lime Rock race track are designed to determine how well a car 
performs under extreme circumstances, when it might be necessary to accelerate 
quickly, stop short, or swerve sharply to avoid an accident. 
ACCELERATION. We measure the time it takes to go from 0 to 30 mph, then to 
60 mph, and we note the car's speed when it reaches the quarter-mile mark. We 
PRESS SPACE BAR (blue) TO SEE NEXT SCREEN 
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also measure acceleration in the passing range - 45 to 65 mph. 
BRAKES. The primary factor is stopping distance. We drive at 60 mph and 
then stop in the shortest distance possible without locking the wheels. We've 
found that the best distance is about 150 feet, the median is about 175 feet, 
and a poor distance is more than 200 feet. 
We then measure braking modulation. With good modulation, you can easily 
control the braking process. If the modulation is poor, the brakes may grab. 
We also rate braking effectiveness, which is indicated by the amount of 
pedal force you must apply to stop the car; the less force the better, so long 
as the brakes have good modulation. 
Depending on how the brakes are constructed, they may tend to fade - become 
less effective - when they get hot under severe use. To determine fade poten-
tial, we measure any increase in pedal force necessary for a series of 10 stops 
from 60 mph, separated by short intervals. 
Another braking factor is stability. A car shouldn't veer at all when you 
hit the brakes hard, and, ideally, no wheel should lock before the others. 
ACCIDENT AVOIDANCE. We conduct five tests to determine how well a car will 
handle in an emergency. Two factors are evaluated while the car travels around 
the test track at prescribed speeds. The driver Judges steering feel and steer-
ing predictability (a measure of how well the car reacts to what the driver 
does). 
We then run an avoidance maneuver on a short slalom course marked off by 
PRESS SPACE BAR (blue) TO SEE NEXT SCREEN 
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traffic cones. We make a sudden swerve from the right lane to the left lane and 
back again - the kind of maneuver you might execute to avoid a child who darts 
into the road. The object is to take the car through the course as fast as pos-
sible without knocking over any of the cones. All cars fail the test at some 
speed; we note how each fails and at what speed. 
Throughout the avoidance-maneuver tests, the drivers evaluate how the car 
feels as it's being driven. Some cars go through the maneuver fairly fast but 
make the driver feel that the car is about to go out of control. In our view, 
such cars may unnerve a less-experienced driver in a genuine emergency, possibly 
causing loss of control. 
THE FINAL TALLY 
Once we've completed the tests, the engineers compare notes, analyze the 
statistical data, and prepare a detailed report for the editors. To arrive at 
an overall rating, we score a car on each of 76 different factors. The ratings 
included in each report summarize those scores. 
While the auto engineers tally their test results, CU's survey division re-
views repair data provided by subscribers who respond to our Annual Question-
naire. If we've accumulated enough data on a particular model over the years, 
our report on the current model will include a statistical prediction on its re-
liability, based on past performance. 
PRESS SPACE BAR (blue) TO SEE NEXT SCREEN 
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The next task is in the envelope marked #1. 
Please open that envelope and follow the instructions on the top sheet. 
Take as long as you like. When you have finished, 
press the space bar (blue) to continue. 
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This is the part in which you will be asked to make a decision. You will be 
given information about 6 different brands of a certain product (six lawnmowers 
for example). Your task will be to choose which of the brands you would buy if 
you were shopping for that product. Each of the six brands will have a code 
letter (A,8,C,O,E, or F). When you have selected the one you think is best, 
press the "C" key on the keyboard to indicate you have made your Choice. Then 
you will be asked to press the key corresponding to the brand you have chosen 
(A, 8, C, etc). 
The product information will be presented in a grid similar to what is 
shown below. To view the piece of information that is flashing, press the 
return key (marked in red on the keyboard). To see a different piece of in-
formation, move the flashing "curser' using the green arrow keys (up, down, 
left, right). Play with this sample a bit. Press the space bar (blue) when you 
think you understand how it works and are ready to move on. 
A 8 (etc.) 
SIZE AAAAAAAAA AAAAAAAAA 
COLOR AAAAAAAAA AAAAAAAAA 
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In this particular exercise, you will be choosing from among six 
AUTOMOBILES the one you would buy if you were shopping for one. 
For each of the six you will have access to information about its 
1. FUEL ECONOMY, 2. MAINTENANCE, 3. SAFETY, 4. HANDLING, 5. RIDE COMFORT, 
6. ROOMINESS, 7. RESALE VALUE, and 8. PRICE. 
PRESS THE SPACE BAR (MARKED WITH BLUE) TO CONTINUE 
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A B C D E F 
1. FUEL ECONOMY AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA 
2. MAINTENANCE AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA 
3. SAFETY AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA 
5. RIDE COMFORT AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA 
6. ROOMINESS AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA 
7. RESALE VALUE AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA 
8. PRICE 
PRESS H FOR HELP AT ANY TIME 
HELP! 
- To reveal a piece of information, press the RETURN key (marked with 
red on the keyboard). 
- To move to a new piece of information on the grid, use the arrow keys: 
up, down, left, right (marked with green on the keyboard). 
- When you have made your choice, press the C key. 
PRESS THE SPACE BAR (MARKED WITH BLUE ON THE KEYBOARD) 












"2A 18.3 cubic feet capacity 
"28 17.5 cubic feet capacity 
"2C 18.3 cubic feet capacity 
"20 17.7 cubic feet capacity 
"2E 18.2 cubic feet capacity 
"2F 18.2 cubic feet capacity 
"3A Poor temperature stability, varies with room temp, freezer not cold enough" 
"38 Average temperature characteristics except butter keeper too cold ' 
"3C Excellent temperature characteristics; best of the six ' 
"30 Good temperature characteristics ' 
"3E Average temperature characteristics ' 
"3F Slight temperature rise when room is cold, freezer should be colder 
'4A Fair ice making: 20 cubes in about 5 hours 
'48 Good performer: 20 cubes in about 4 hours 
"4C Poor ice making performance: 20 cubes takes over 6 hours 
'40 The best ice maker: 24 cubes in less than 4 hours 
'4E Makes ice quickly: 24 cubes in about 4 hours 
"4F Average ice making: 24 cubes in about 5 hours 
'SA Average dependability 
'58 Very reliable, about 20% more reliable than the average 
'5C Slightly less reliable than average 
•so Worst of the six, however, it avera9es only one repair call every 4 years ' 
"5E Excellent: requires 40% fewer serv1ce calls than the average refrigerator" 
"SF Good, dependable refrigerator • 
'6A Good, convenient design ' 
'68 Most convenient of the six, lots of extra features, good humidity control • 
'6C Average convenience 
"60 Slightly below average on some aspects of convenience 
"6E Inconvenient; controls poorly located, shelves hard to adjust 
"6F Very convenient refrigerator, shelves well placed, easy access 
"7A Quietest of the six; virtually silent operation 
"78 Very quiet operation 
'7C Noisier than average operation, especially when turning out ice cubes 
"70 Average noise level 
"7E Slightly noisy 
"7F Quiet operation 
"SA Annual energy cost: $105 
'88 Annual energy cost: $ 93 
"8C Annual energy cost: $ 88 
"80 Annual energy cost: $101 
"8E Annual energy cost: $ 87 
'8F Annual energy cost: $101 
'1 . PRICE' 
'2. CAPACITY' 
"3. TEMPERATURE" 








THANK YOU FOR PARTICIPATING IN THIS EXPERIMENT 
PLEASE TYPE YOUR NAME 
AND THEN PRESS THE RETURN KEY (MARKED IN RED) 
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Later on, you will be asked to make a decision about purchasing REFRIGERATORS. 
In preparation, please read the following background information. 
PRESS SPACE BAR (blue) TO SEE NEXT SCREEN 
REFRIGERATORS 
(Condensed from CONSUMER REPORTS, July 1985) 
The refrigerator is what's called a "mature• product. The basic box has 
changed little since they took the ice out and put the freezer in. Most re-
frigerators today have a fairly similar array of features and conveniences. In 
fact, if the models didn't have nameplates, it would be hard to tell one from an 
other. 
When a product reaches a certain stage of development, true engineering ad-
vances often give way to gimmicks, as product designers try to dazzle consumers 
who may otherwise figure that any old refrigerator will keep the milk cold. 
So, with some fanfare, Admiral recently introduced its Admiral a la mode, a 
high priced refrigerator that features an ice-cream maker, a through-the-door 
ice and water dispenser, a fold-away wine rack, and other furbelows. We in-
spected it and found that it was no world beater, that many of the "features· 
were indeed just gimmicks. At a hefty $915, we decided not to include it in the 
six you will choose from today. Those six range in price from $629 to $795. 
The six models you will consider all have a nominal capacity of 18 cubic 
feet, however as you will see, the actual measurements vary considerably. For 
most brands, cheaper models are available in the same size. But the models we 
PRESS SPACE BAR (blue) TO SEE NEXT SCREEN 
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tested usually offer special features: shelves made of glass rather than wire; 
egg and ice-cube bins; and, in some cases, chilled meat-keepers and adjustable-
humidity vegetable crispers. All were no-frost, top-freezer refrigerators. 
Since refrigerators are major energy-users, one important test was for en-
ergy use. We also tested to see how well and how uniformly the refrigerators 
maintained 'ideal" temperatures in both freezer and main compartment. Our key 
performance tests were done in Consumer Union's (CU) environmental chamber, 
where we have precise control of temperature and humidity. We also examined 
each model's features and convenience of use. 
HOW MUCH ELECTRICITY? 
The tested refrigerators typically used 15% less electricity than compara-
ble models we reported on five years ago. At the national average cost of elec-
tricity of 7.75 cents per kilowatt hour, our six models ranged from $87 to $101 
average annual energy cost. 
Our estimates of energy consumption are higher than the estimates headlined 
on the 'Energy Guide" labels on refrigerators. The difference is due in part to 
the stringency of our test methods, in part to the fact that some labels use out 
of date electricity rates. 
The cost of operating a refrigerator is low if you flip the "energy saver' 
switch controlling electric heaters that keep water from condensing around the 
PRESS SPACE BAR (blue) TO SEE NEXT SCREEN 
129 
doors in humid weather. In dry weather you can turn the heaters off to save en-
ergy. For models with an energy-saver switch, the energy-use estimates in the 
ratings assume that the heaters will not be in use for eight months of the year. 
Two models have a "hot tube" system instead. The system fights condensa-
tion by channeling waste heat from the condenser to areas around the doors. The 
hot tube models were somewhat less efficient than the others. 
HOW THEY PERFORMED 
A good refrigerator should be able to keep things at 37 degrees F in the 
main compartment and 0 degrees F in the freezer. And it should maintain those 
temperatures uniformly, through all kinds of room-temperature conditions. In 
our environmental chamber, we tested for: 
TEMPERATURE BALANCE. With the test chamber at 70 degrees, most models were 
able to hold, or stay within a degree or two of, the ideal 37/0 degree balance. 
Most did the same when the chamber was set at a steady 90 degrees. 
With the chamber at either 70 or 90 degrees, the freezer temperature of one 
model couldn't be made lower than 4 degrees, making it questionable for long-
term storage of frozen food. We could bring the freezer on that model down to 
1 degree by lowering the main-compartment temperature to 30 degrees. But 30 
degrees is a point at which some liquids will freeze. 
TEMPERATURE UNIFORMITY. All models kept temperatures uniform in the main 
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compartment and in every part of the freezer but the door shelves; those were u-
sually a good bit warmer. One model had an upper freezer door shelf that 
measured 15 degrees warmer than the body of the freezer. It's not advisable to 
store frozen foods on freezer-door shelves for long periods. 
COMPENSATION FOR TEMPERATURE CHANGE. When your kitchen's temperature goes 
up during a heat spell in summer, or when it goes down in the winter because 
you've lowered the thermostat, the refrigerator's temperature balance should re-
main stable without your having to change control settings. 
To simulate a heat spell, we set each model's controls to 37 degrees and 
raised the temperature in the test chamber to 90 degrees. Most models didn't 
vary their temperatures by more than a few degrees over the course of that temp-
erature rise. But we noted an average variation of five degrees in the freezer 
of some models; to compensate, you'ld have to adjust their controls during a 
heat spell. 
To simulate the temperature drop that might come in winter, we lowered the 
room temperature from 70 degrees to 55 degrees - the setting you might choose 
when leaving the house for a ski weekend. This time, all the models fared less 
well. The best one's freezer turned warmer by one degree, while the temperature 
in the main compartment fell five degrees. With the other five, the main com-
partment kept its cool, but freezer temperatures climbed by as much as 10 de-
grees. 
RESERVE CAPACITY. Without this, a refrigerator that works well at normal 
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temperatures may balk if the temperature soars. Reserve capacity is also an in-
dex of how a refrigerator will work after compressor, door seals, and other com-
ponents have aged. 
To measure reserve capacity, we hiked the test room's temperature to a tor-
rid 110 degrees. Most models adjusted nicely, holding temperatures within a few 
degrees of the ideal balance. Two models held steady in the freezer, but let 
main compartment rise to more than 45 degrees. 
CONTROLLING CONDENSATION. We tested the ability of the door heaters or hot 
tubes to resist condensation around the door. When we raised the test room's 
temperature to 90 degrees and its relative humidity to 75%, only one model stay-
ed completely dry. Even that model couldn't stay dry, though, when we raised 
the humidity to 85%. 
MEAT-KEEPING. All but one have a drawer for storing meat. Meat keeps best 
at from 30 to 35 degrees, but many models would keep it at a little above 37 de-
grees. Most models have a control that lets you feed cold air into the meat-
keeper through a duct; those could keep the meat at from 30 to 35 degrees. 
VEGETABLE-KEEPING. All have a pair of crisper drawers to keep fruits and 
vegetables from drying out. To see how the crispers resisted dehydration, we 
cut heads of lettuce in half, put each half unwrapped in a crisper, and- since 
lettuce is more than nine-tenths water - measured each half's weight loss on 
successive days. Most models did fairly well at fending off dehydration, though 
the best was nearly twice as good as the worst. Most models have at least one 
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crisper with rubber flanges or gaskets; those seals generally help keep in mois-
ture better than crispers without seals. Full crispers retained moisture better 
than crispers that were only half full, we found. 
ICE MAKING. The speediest model could produce 24 cubes in about four hours. 
The average wait was five to six hours; one model took considerably longer. 
NOISE. The new, no-frost refrigeratros are much noisier than the old man-
ual-defrost models. In addition, a no-frost model's more energy-efficient com-
pressor runs for longer periods. A listening panel auditioned each refrigerator 
as the compressor kicked in and while it was running. 
A LOOK AT CONVENIENCE 
We examined differences in features and design that affect convenience: 
SHELVES. Every model has adjustable shelves in the main compartment - some 
shelves as wide as the compartment, some half its width. Half shelves allow 
more options for stowing things - and more chances of accidentally knocking 
things off. Most models have heat-resistant, tempered glass shelves; some have 
wire shelves. Glass is easy to clean but breakable, heavier than wire, and 
somewhat of a chore to remove or adjust. 
To test the sturdiness of the shelves, we dropped a 25-pound weight on 
them. (That's not unreasonably heavy; a turkey you're storing in the fridge 
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might weigh 25 pounds. Most shelves emerged relatively undamaged, but when we 
let the weight fall two inches on one model, the back retainers bent. 
EGG STORAGE. All but one model have a molded shelf, a tray, or a box-like 
bin for storing eggs. One model has the egg tray in the main door - an unhandy 
design, since the eggs are subject to Jarring and would be cooler inside the 
main compartment. Another model had a flimsy egg tray design that could lead to 
egg dropping. 
DAIRY PRODUCT STORAGE. All have a covered compartment in the door for but-
ter; since the temperature in the compartment is slightly higher than in the 
main compartment, the butter stays spreadable - and shielded from odors. Three 
of the models also have a covered utility compartment. We prefer butter and u-
tility compartments whose door stays up when raised, since that makes fetching a 
one-handed operation. 
CONTROLS. All were easy to operate. But the functions weren't always 
clear. Two models had controls with the vague labels "Cold control" and "Usage 
control". For clarity, those controls should be marked "Refrigerator" and 
"Freezer", respectively. 
Most models have controls up top at the front of the main compartment -
easily the best location. With two models, the control is at top center of the 
compartment; it tends to obstruct tall items on the top shelf. The same models 
have the freezer control hidden at the back of the freezer. 
The control markings for most of the energy-saver door-heater switches are 
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logical; for example 'Off- saves power' and "On -reduces exterior moisture•. 
One models flouts logic, since "Off' means the heaters are on (its a slide 
switch; when you push the switch toward •on•, the word 'Off' appears. 
RELIABILITY AND QUALITY 
Two samples of one model arrived with the bottom so badly damaged that the 
main door gasket didn't seal. After repair of the second sample, we found that 
its thermostat worked erratically. We bought a third sample, whose thermostat 
proved even more erratic. 
Other vexations included two models damaged in shipping; a disconnected de-
frost-heater wire; a broken slide control on a convertible meat-keeper/crisper -
a defect noted in store displays; intermittent operation of an indicator light; 
and a broken handle. True, all such repairs are covered under warranty; still, 
all would entail the nuisance that goes with a service call - and perhaps a wait 
for replacement parts. 
Most parts and labor are covered under a one-year warranty. The sealed re-
frigerator system has five-year coverage. With four models, coverage for the in 
ner plastic liner is also five years. 
Our frequency of repair data, based on reader experience as derived from 
the annual questionaire, reveal two brands that are 20 to 40 percent less likely 
to need repair than the average machine. 
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The next task is in the envelope marked ;1. 
Please open that envelope and follow the instructions on the top sheet. 
Take as long as you like. When you have finished, 
press the space bar (blue) to continue. 
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This is the part in which you will be asked to make a decision. You will be 
given information about 6 different brands of a certain product (six lawnmowers 
for example). Your task will be to choose which of the brands you would buy if 
you were shopping for that product. Each of the six brands will have a code 
letter (A,B,C,D,E, or F). When you have selected the one you think is best, 
press the ·c· key on the keyboard to indicate you have made your Choice. Then 
you will be asked to press the key corresponding to the brand you have chosen 
(A, 8, C, etc). 
The product information will be presented in a grid similar to what is 
shown below. To view the piece of information that is flashing, press the 
return key (marked in red on the keyboard). To see a different piece of in-
formation, move the flashing •curser• using the green arrow keys (up, down, 
left, right). Play with this sample a bit. Press the space bar (blue) when you 
think you understand how it works and are ready to move on. 
A 8 (etc.) 
SIZE AAAAAAAAA AAAAAAAAA 
COLOR AAAAAAAAA AAAAAAAAA 
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In this particular exercise, you will be choosing from among six 
REFRIGERATORS the one you would buy if you were shopping for one. 
For each of the six you will have access to information about its 1. PRICE, 
2. CAPACITY, 3. TEMPERATURE, 4. ICE MAKING, 5. RELIABILITY, 6. CONVENIENCE, 
7. NOISE, and 8. ENERGY. 
PRESS THE SPACE BAR (MARKED WITH BLUE) TO CONTINUE 
~38 
A B C D E F 
1. PRICE AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA 
2. CAPACITY AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA 
3. TEMPERATURE AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA 
4. ICE MAKING AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA 
5. RELIABILITY AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA XXXXXXXXX 
6. CONVENIENCE AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA 
7. NOISE 
8. ENERGY 
AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA 
AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA 
PRESS H FOR HELP AT ANY TIME 
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HELP! 
- To reveal a piece of information, press the RETURN key (marked with 
red on the keyboard). 
- To move to a new piece of information on the grid, use the arrow keys: 
up, down, left, right (marked with green on the keyboard). 
- When you have made your choice, press the C key. 
PRESS THE SPACE BAR (MARKED WITH BLUE ON THE KEYBOARD) 




DECISION TASK COMPUTER CODE AND SAMPLE OUTPUT 
5 cls 
10 DIM INF0$(10,10) 
DIM PROTOCOL(1000,2) 
1.42 
INPUT "WHAT IS THE NAME OF THE FILE WHERE OUTPUT DATA SHOULD BE SAVED? 





READY$=INKEY$:IF READY$="" THEN READY 
IF READY$="A" OR READY$="a" THEN PDF$="XDATA" 





13 FOR I=1 TO 8 
14 FOR J=1 TO 6 
15 INPUT #1,INFO$(I,J) 
16 NEXT J 
18 NEXT I 
20 for i=1 to 8 
21 input #1,title$(i) 
22 next i 
CLOSE 
501 LOCATE 10,19:PRINT"THANK YOU FOR PARTICIPATING IN THIS EXPERIMENT" 
LOCATE 12,19:PRINT" PLEASE TYPE YOUR NAME" 
LOCATE 13,19:PRINT" AND THEN PRESS THE RETURN KEY (MARKED IN RED)" 
LOCATE 15,19:PRINT" " 
LOCATE 15,30:INPUT "" ,SUBJECTNAME$ 
504 CLS 
LOCATE 10,3:PRINT"Later on, you will be asked to make a decision about 
purchasing "; product$;"S."; 
LOCATE 12,10:PRINT"In preparation, please read the following background 
information." 
LOCATE 24,21:COLOR 0, 7:PRINT"PRESS SPACE BAR (blue) TO SEE NEXT 
SCREEN";:COLOR 7,0 
AAA: 
AAA$=INKEY$:IF AAA$<>" II THEN AAA 
FOR I=l.TO QUANTSCREENS 




IF READY$="A" OR READY$="a" THEN LOADSTRING$="REFRIG"+LS$ ELSE 
LOADSTRING$="CAR"+LS$ 
DEF SEG = &HB800:BLOAD LOADSTRING$ 
ABC: 
ABC$=INKEY$ 
IF ABC$<>" II THEN ABC 
NEXT I 
CLS 
LOCATE 10,20:PRINT"The next task is in the envelope marked #1." 
LOCATE 12, 7:PRINT"Please open that envelope and follow the instructions 
on the top sheet." 
LOCATE 14,7:PRINT" Take as long as you like. When you have 
finished, 
LOCATE 16,7:PRINT" press the space bar (blue) to 
continue." 
ABA: 
ABA$=INKEY$:IF ABA$<>" II THEN ABA 
DEF SEG = &HB800:BLOAD"SCREEN.TXT",O 
VERT=21:HOR=30:LOCATE VERT,HOR 
505 MOV$=INKEY$:IF MOV$="'' THEN 505 
IF MOV$=CHR$(13) THEN DISPLAYINFO 
COLOR 7,0:LOCATE ,HOR:FOR I=1 TO 9:PRINT CHR$(177);:NEXT I 
IF MOV$="8" OR MID$(MOV$,2)=CHR$(72) THEN VERT=VERT-2 ELSE 506 
IF VERT<19 THEN VERT=19 
GOTO FLASH 
506 IF MOV$="4" OR MID$(MOV$,2)=CHR$(75) THEN HOR=HOR-13 ELSE 507 
IF HOR<30 THEN HOR=30 
GOTO FLASH 
507 IF MOV$="6" OR MID${MOV$,2)=CHR$(77) THEN HOR=HOR+13 ELSE 508 
IF HOR>43 THEN HOR=43 
GOTO FLASH 
508 IF MOV$="2" OR MID$(MOV$,2)=CHR${80) THEN VERT=VERT+2 ELSE 509 
IF VERT>21 THEN VERT=21 
FLASH: 
LOCATE VERT,HOR 
COLOR 16,7:FOR I=1 TO 9:PRINT CHR$(177);:NEXT !:COLOR 7,0:PRINT II "; 
GOTO 505 
509 IF MOV$=" " THEN NXTSCRN 
BEEP:LOCATE VERT,HOR:COLOR 16, 7:FOR !=1 TO 9:PRINT CHR$(177);:NEXT 
I:COLOR 7,0:PRINT II "; 
GOTO 505 
DISPLAYINFO: 
LOCATE 23,32:COLOR 15,0 
IF VERT=19 AND HOR=30 THEN PRINT"Product A is large"; 
IF VERT=19 AND HOR=43 THEN PRINT"Product B is small"; 
IF VERT=21 AND HOR=30 THEN PRINT"Product A is green"; 







PRINT" In this particular exercise, you will be choosing from 
among six"; 
LOCATE 9,1 




PRINT"For each of the six you will have access to information about 
its "; 
IF LEN(TITLE$(1))+2<14 THEN STARTLOOP 




FOR I=1 TO 7:PRINT TITLE$(!);", "; 






NEXT I:PRINT"and ";TITLE$(8);"."; 
LOCATE 20,1:PRINT" PRESS THE SPACE BAR (MARKED WITH BLUE) 
TO CONTINUE"; 
WTNGLABL: 




DEF SEG = &HB800:BLOAD"SCREEN2.TXT",O 
FLAG=O:LCT=O 
510 for i=2 to 16 step 2 
511 locate i,1 
512 print title$(i/2) 
513 NEXT I 
520 LOCATE 1,21:PRINT"A B C D E 
F" 
HELPLBL: 
LOCATE 25,14:PRINT" PRESS";:COLOR 15,0:PRINT" H ";:COLOR 
7,0:PRINT"FOR ";:COLOR 15,0 
PRINT"H";:COLOR 7,0:PRINT"ELP AT ANY TIME"; 
620 VERT=8:HOR=37:GOTO 790 
630 A$=INKEY$:IF A$="" THEN 630 




DEF SEG = &HB800:BLOAD"HELPSCRN.TXT",O 
WAITLBL: 




635 IF A$="C" OR A$="c" THEN 1000 
640 IF A$=CHR$(13) THEN GOTO 820 
650 COLOR 7,0:LOCATE ,HOR:FOR I=1 TO 9:PRINT CHR$(177);:NEXT I 
660 IF A$="8" OR MID$(A$,2)==CHR$(72) THEN VERT=VERT-2 ELSE 690 
670 IF VERT<2 THEN VERT=2 
680 GOTO 790 
690 IF A$="4" OR MID$(A$,2)=CHR$(75) THEN HOR=HOR-10 ELSE 720 
700 IF HOR<17 THEN HOR=17 
710 GOTO 790 
720 IF A$="6" OR MID$(A$,2)=CHR$(77) THEN HOR=HOR+10 ELSE 750 
730 IF HOR>67 THEN HOR=67 
740 GOTO 790 
750 IF A$="2" OR MID$(A$,2)=CHR$(80} THEN VERT=VERT+2 ELSE 811 
760 IF VERT>16 THEN VERT=16 
790 LOCATE VERT,HOR 
800 COLOR 16,7:FOR !=1 TO 9:PRINT CHR$(177);:NEXT !:COLOR 7,0:PRINT " "; 
810 GOTO 630 
811 BEEP:LOCATE VERT,HOR:COLOR 16,7:FOR !=1 TO 9:PRINT CHR$(177);:NEXT 
!:COLOR 7,0:PRINT " "; 
812 GOTO 630 
820 A1=POS(N):AA=(A1-17)/10 
830 B1=CSRLIN:BB=B1/2 
840 IF FLAG=O THEN GOTO 860 
850 LOCATE 17+LCT,l:PRINT INFORMATION$; 




870 COLOR 15,0:LOCATE 17+LCT,1:PRINT INFO${BB,AA);:COLOR 7,0 
872 INFORMATION$=INFO$(BB,AA) 
880 LOCATE B1,A1 





1001 LOCATE 19,i:PRINT" 
"· • 
1002 LOCATE 20,1:PRINT" 
"· I 
1003 LOCATE 21,1:PRINT" 
"· 
1004 LOCATE 22,i:PRINT" 
"· 
1005 LOCATE 23):PRINT" 
"· 
1006 LOCATE 24,i:PRINT" 
"· 
LOCATE 25,1;PRINT" 
"· ' 1007 LOCATE VERT,HOR 
1008 COLOR 7 ,O:FOR !::::1 TO 9:PRINT CHR$(177);:NEXT I 
COLOR 15,0 
1011 LOCATE 18,39:PRINT CHR$ 201 
1022 LOCATE 18,40:PRINT CHR$ 205 
1033 LOCATE 18,41:PRINT CHR$ 205 
1035 LOCATE l8,42:PRINT CHR$ 205 
1036 LOCATE 18,43:PRINT CHR$187 
1037 LOCATE 19,43:PRINT CHR$ 186 
1038 LOCATE 20,43:PRINT CHR$ 188 
1048 LOCATE 20,42:PRINT CHR$ 205 
1059 LOCATE 20,41:PRINT CHR$ 205 
1060 LOCATE 20,40:PRINT CHR$ 205 
1071 LOCATE 20,39:PRINT CHR$ 200 
1082 LOCATE 19,39:PRINT CHR$ 186 
COLOR 7,0 
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1090 LOCATE 2l,l:PRINT" ENTER THE LETTER CORRESPONDING TO YOUR 
CHOICE 
(A,B,C,D,E, or F)" 
LOCATE 22,1:PRINT" NOTE: IF YOU HAVEN'T YET CHOSEN YOU MAY 
PRESS ";:COLOR 15,0:PRINT"L";:COLOR 7 O:PRINT" TO 
CONTINUE ";:COLOR 15,0:PRINT"L"·:COLOR 
7,0:PRINT"OOKING"· ' 
1100 LOCATE 19,41 ' 
1110 CHOICE$=INKEY$:IF CHOICE$="" THEN 1110 
1111 IF CHOICE$="A" OR CHOICE$="a" OR CHOICE$="b" OR CHOICE$-"8" OR 
CHOICE$="C" OR CHOICE$="c" OR CHOICE$="0" OR CHOICE$-"d" OR 
~~?~CE$="E" OR CHOICE$="e" OR CHOICE$="F" OR CHOICE$,:-"f" THEN 













!:COLOR 7,0:PRINT " "; 
GOTO HELPLBL 
1112 SOUND 300,10 





1i14 FOR !=1 TO 800:NEXT I:GOTO 1090 
1115 PRINT CHOICE$ 
1116 FOR !=1 TO 200 
1117 NEXT I 
1118 LOCATE 21,1:PRINT" 
"· , 
INVALID CHOICE, PLEASE 
1130 SOUND 1000,5:10CATE 22,1:PRINT" YOU HAVE CHOSEN -";CHOICE$;"-
IS THAT CORRECT? 
(type Y for yes N for no) "; 
1140 VERIFY$=INKEYS:IF VERIFY$="" THEN 1140 




LOCATE 8,1:PRINT " The final part of the experiment is in the 
envelope marked #2."; 
NOW=TIMER:WHILE TIMER<NOW+. 7:WEND 
LOCATE 10,1:PRINT" When you have finished that task, please return 
with all your materials" 
NOW=TIMER:WHILE TIMER<NOW+. 7:WEND 
LOCATE 12,1:PRINT" to the room where you began the 
experiment."; 




PRINT #1, "TIME: ";TIME$;" DATE: ";DATE$ 
PRINT #1 "TOTAL ELAPSED TIME = ";CURRENTIME-BEGINTIME 
PRINT #1:"SUBJECT SELECTED ";PRODUCT$;" ";CHOICE$;", AFTER EXAMINING 
"·DATACOUNT·" PIECES OF 
INFORMATION, DURING ";INT(DURATION*l0)/10;" SECONDS" 
PRINT ,.1, "LIST OF INFORMATION EXAMINED:" 
FOR !=1 TO DATACOUNT 







TIME: 09:01:09 DATE: 07-21-1987 
TOTAL ELAPSED TIME = 2798.783203125 
SUBJECT SELECTED AUTOMOBILE D, AFTER EXAMINING 54 PIECES OF 
INFORMATION, DURING 1002.3 SECONDS. LIST OF INFORMATION EXAMINED: 













4,2 6,2 8,2 






















TIME: 10:21:40 DATE: 07-21-1987 
TOTAL ELAPSED TIME= 977.125 
SUBJECT SELECTED REFRIGERATOR f, AFTER EXAMINING 69 PIECES OF 
INFORMATION, DURING 343.9 SECONDS. LIST OF INFORMATION EXAMINED: 
1,1 4,4 2,2 
2,1 5,4 3,2 
3,1 6,4 4,2 
4,1 7,4 5,2 
5,1 8,4 6,2 
6,1 1,5 7,2 
1,2 2,5 8,2 
2,2 3,5 8,2 
3,2 4,5 8,6 
4,2 5,5 7,6 
5,2 6,5 6,6 
6,2 7,5 5,6 
7,2 8,5 4,6 
8,2 7,5 3,6 
1,3 1,6 2,6 
2,3 2,6 1,6 
2,3 3,6 1,6 
2,3 4,6 
2,3 5,6 
3,3 6,6 
4,3 7,6 
8,3 8,6 
1,4 1,2 
2,4 2,2 
2,4 2,2 
3,4 2,2 
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